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FORLEWORD

This report summarizes the results of the work performed
by CHEMTRIC Incorporated under Contract NAS 9-13718 for an
Advance DPrototype Silver lon Water Bactericide System., This
program was sponsored by and performed for the Crew Systems Divi-
sion of the NASA Lyndon B. Johnson Space Center, Houston, Texas
77058. Mr. J. C. Brady (EC3) was the designated Technical

Monitor,

The work reported herein was started in September 1973 and
completed in June 1974. Chief program personnel were Walter J.
Jasionowski (Project Engineer) and Edward T. Allen (Project
Chemist) under the direction of Robert A. Bambenek (Program
Manager). Other personnel that made substantial contributions
to this projram are: Phillip P. Nuccio (Design Supervisor),
Timothy G. Studt (Design Engineer) and Andrew L. Murman (Tech-
nician). Mr. Charles Verostko of the NASA Johnson Space Center
provided assistance by co-ordinating and supervising the analysis

of water samples.
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ABSTRACT

The design, fabrication, and testing of an Advance
Prototype Silver lon Water Bactericide System are described,
along with the developmernt of information to design a Silver
Ion Generator for the Shuttle Orbiter. Preliminary tests were
performed to verify suitability of components, to establish
design data, and determinc the effects of operating conditions.

An Advance Prototype Unit was designed and fabricated to
treat anticipated fuel cell water. The unit is a single canister
that contains a membrane-type prefilter and a silver-bromide
contacting bed. A 7-day baseline simulatcd mission test was
performed; the performance was satisfactory and the effluent
water was within all specifications for potability. After ran-
dom vibrations another 7-day simulated mission test was performed;
the results indicate that simulated launch vibrations have no
effects on the design and performance of the Advanced Prototype.
The unit exhibited bactericidal activity against 109 (i.e.,

104 cells/ml) Pseudomonas aeruginosa and or Type IIIa in 15
minutes or less.

Bench tests and accelerated breadboard tests were performed
to define the characteristics of an upgraded model of the Advance
Prototype Unit which would have 30 days of operating capability.
A preliminary design of a Silver Ion Generator for the Shuttle
Orbiter was also prepared.
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SECTION 1

INTRODUCTION § SUMMARY

1.1 Background

All potable water available on the Space Shuttle Orbiter,
cxcept for that Iaitially loaded preflight, will be supplied by
fuel cells. The water will be uscd for consumption, personal
h{gcne, and partial cooling by sublimation. During the past
three ycars, under contracts NAS 9-12104 and NAS 9-12792,
CHEMTRIC developed a Preliminary Flight Prototypc system to
treat '"worst case'" fucl cell water *,**  For this typc of water
the system required (1) a biological filter for removing par-
ticulates, (2) an activated charcoal and ion exchange resin
canister for adsorbing organics and absorbing inorganic con-
taminants, (3) a silver chloride canister for dosing the stored
water with approximately 1 ppm of silver ions to effect the
spore forming bacteria, (4) a decionizer for removing the silver
ion dose, since the U.S. Public Health Service does not recommend
long-term ingestion of water containing more than 0.05 ppm silver
ions, and (5) a silver bromide canister with a partial bypass
for dosing the deionized product water with a residual of 0.05
ppm silver ions. Simulated mission tests demonstrated that
the Preliminary Flight Prototypc system does convert ''worst
case'" fucl cell water to potable water, without any maintenance,
and that silver ions are bactericidal against Pseudomonas
acruginosa and Type IIla, the two bacteria which have been found
in Apollo water systems,

With the advent of a baselinc fuel ccll water composition
for the Shuttle Orbiter, it was concluded that only two com-
ponents were necessary - namely, a prefilter and a silver halide
contacting bed, since the "anticipatced" fucl cell water's pro-
pertics and ionic species werc within the limits speccified by
the JSC Potable Water Standards. Under contract NAS 9-12792Z,
extended tests verified that a 0.05 ppm silver ion dosc in an-
ticipated fuel cell water is bactericidal against Pscudcmonas
aeruginosa and Type Illa bacteria. With this knowledge and 1in-
Tormation NASA JSC contracted CHEMTRIC to design, fabricate, and
test an advance prototype silver ion water bactericide system
suitable for use in the Shuttle Orbiter potable water system,

® Hurley, T. L., and Bambenck, R. A., '"Potable Water Bac-
tericide Agent Development', NASA CR-115595, July 1972

RR Jasionowski, W. J., and Allen E. T., "Precliminary Flight

Prototype Potable Water Bactericide System,' NASA CR-134135,
October 1973

1-1
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1.2 Objectives

The detail objectives of the program are delineated by the
Task Description defined in Section 3.2 of the Statement of Work
for Contract NAS 9-13718; they arc described as follows.

Par 3.2.1 Advance Prototype Design

The design of an advance prototypec silver ion water bactericide
system shall be based on the results of the preliminary prototype
system cxtended test program conducted under Contract NAS 9-12792,
Preliminary tests shall be performed, as required, to demonstrate
the suitability of the selected design concept, to optimize the
ratio of silver bromide to activated carbon, to cvaluatc super
saturation phenomena, and to investigate sterilization techniques
before the final design is initiated. The advance prototype
final design shall includec the system design considerations for
compatability with the Shuttle Orbiter potable water system - and
shall emphasize hardware simplicity for program economy and
incorporate the flight characteristics of minimum weight, low
pressure drop, maintainability and compactness. Interface re-
quirements, identifying all system constraints, also shall be
established to facilitate incorporation of the silver ion water
bactericide system into the Space Shuttle potable water system.
In addition, a failure modes and effects analysis shall be per-
formed in conjunction with the advanced prototype design.

Par 3.2.2 Advance Prototype Fabrication

An advance prototype of the silver ion water bactericide system
shall be fabricated. All materials used in fabrication shall be
compatible with the working fluid (fuel cell water) and space-
craft metallic and nonmetallic material requirements. The use
of spacecraft incompatible nonmetallics may be considered for
economic reasons, but NASA approval shall be required prior to
final sclection. Type 316 stainless steel shall be used in the
fabrication of all major system components.

Par 3.2.3 Advance Prototype Testing

The advance prototype system shall be cxtensively tested with
qualification-type rigor to demonstratc significant hardwarc
maturity for maximum confidence of the Shuttle contractor and
minimum program risk. All performance and design limits shall
be demonstrated. The prototype system shall be assembled and
exposed to the simulated Shuttle launch environment. Following
the vibration exposure each component shall be inspeccted for
structural failure, especially in weld arcas. The advance

S




prototype shall then be installed in a test stand and '"life
tested" under simulated Shuttle 7-day mission conditions. Test
variables shall include water delivery rates, temperatures, pres-
surc, storage times, water use rates and contamination. This
test sequence (vibration exposurc and "1life test') shall be re-
pecated as necessary to stress the system to the cxtent that
relative design wcaknesses of each component shall be uncovered.

A change in scope of work occurred after two 7-day simu-
lated mission tests were performed with the Advance DPrototype.
In lieu of performing additional 7-day simulated mission tecsts,
the efforts were redirerted to collection of information on pre-
filters and the silver bromide contactor to upgrade the design
of the Advance Prototype Unit for mission staytimes up to 30 days,
with the constraint that the pressure drop shall not exceed 6900
N/sq m (1.0 psi) at a flow rate of 10.37 kg/hr (22.8 1b/hr).
Development tests were performed and a preliminary design of a
Silver lon Generator was prepared.

1.3 Accomplishments

The work performed under Contract NAS 9-13718 yielded the
following results and conclusious which are described in fur-
ther detail on the pages listed in parentheses.

1.3.1 Preliminaxry Tests

A, A 7-day simulated mission test verificd that the
preselected filter (Pall Trinity Micro Corporation P/N

MCY 4463UR) was satisfactory; it exhibited a pressure

drop build-up < 3450 N/sq m (0.5 psi) with a 7-day an-
ticipated particulate load. (p 2-1 to 2-4)

B, Contacting bed definition and optimization tests
were performed. The results show that a bed composcd of
4 parts activated charcoal to 1 part AgBr granules by
volume saturated anticipated fuel cell water with AgBr
at the flow rate of 5.63 kg/hr (:2.4 1b/hr) and simul-
tancously maximized the quantity of activated charcoal.
(p 2-3, & 2-5 to 2-10)

C. Operations of the AgBr contacting bed at clievated
temperatures simulating fuel cell water exit temperaturc
produced silver ion doses above the 0.1 ppm limit specified
for potability. At 3399K (1509F) the silver ion contcent
was approximately 0.75 ppm, and at 347°K (1759F) the silver
ion content was approximatcly 1.14 ppm. (p 2-9 §& 2-11)
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D. Techniques for rcducing the super dosc which results
from ~lovated Ltemperature operations wewe ]nVCbtlgdth
Cooling, sceding, membrane filtration, and ion exchange
were experimentally evaluated. lon exchange was thc only
technique that reduced the silver ion content to 0.1

ppm. (p 2-9 § 2-12)

E. The effects of steam sterilizing were determincd,
A mock-up of the advanced 8rototype unit, when subjected to
steam for 3 hrs at 394-408°K (250-275°F), lost less than
0.03% of the AgBr in the condensing steam. (p 2-12 to 2-14)

E. The effects of reduced pressurc were investigated,
No apparent effects were observed when a mock-up of the
AgBr column was subjected to a vacuum of 2 mm Hg; upon re-
hydration the pnrformancc characteristics were the same

as hefere {i.c., silver ion dosing, pressure drop, and
ciidlucat tuxolalty) (p 2-15)

1.2.2 Advance Prototype Design & Fabricatisn

A. Six design concepts were considered in a Faillure
Mode, Effects, and Criticality Analyses. The failure

modes are: (1) external leakage, (2) internal lecakage,

(3) channeling, and (4) plugging. The maximum criticality
of any possible failure is a level II. Single point
faiiures may be corrected by selecticn of another canister.
(p 3-1 to 3-4)

B. A Reliability Analysis indicates .that the prob-
ability of no failures during a 7-day mission is 0.9997,
and that the probability of no more than one failurc is
0.9999... . (p 3-5 & 3-0)

C. On the basis of the FMEA, reliability, ana the
ground rule considerations for the Shuttle Orbiter, the
concept "Parallel Canisters with External Selector Vaive'
was sc%cctcd for development as the Advance Prototype.
(p 3-6

D. An Advance Protoiype Unit was designed to treat up
tu i0v kg/day (220 1b/day) of anticipated fuel cell water
for mission durations of 7 days. The unit is a single
canister which incorporates a membranc-type p‘eflltcx and
a AgBr contacting bed. (p 3-7 to 3-10)

1

E. The Advance Prototype Unit was fabricated from 316
stainl-ss stecl, except for the scals, prefilter, and the
AgBr contacting bed. Brazing with stainless alloys and
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heli-arc welding was used to join various metallic parts
used in the construction. The unit has an overall length
of 19.4 cm (7.63 in), and an outside diameter of 9.0 cm
(3.53 in); the packed and dry weight is 1.25 kg (2.75 1b).
(p 3-10 § 3-11)

1.3.3 Advance Prototype Tests

A, A seven day baseline simulated mission test was
performed with the Advance Prototype Unit., The perfor-
mance of the unit was satisfactory; the effluent water
was within all specifications for potability and the
pressure drop did not exceed 6900 N/sq m (1.0 psi) at the
flow rate of 5.63 kg/hr (12.4 1b/hr). (p 5-1 to 5-3)

B. Test results show that the bactericidal efficacy
of the Advance Prototype Unit is as follows. (p 5-3,
5-6, 5-10 § 5-13)

(1) Bacillus subtilis spores (ca 200/ml) are
excliuded by the biological filter.

(2) The 0.08 ppm silver ion dose is bactericidal
against 521x104 cells/ml of Pseudomonas aeruginosa
and/or Type IIIa in 1% minutes or less.

(3) The 0.08 ppm silver ion dose is bactericidal
against the infusion of 106 Pscudomonas aeruginosa
and/or Type IIla at either the hot or cold outlet
valve.

C. Random vibration testing of the Advance Prototype
Unit showed no detrimental effects. (p 5-8, 5-9 § 5-10)

D. A second seven-day simulated mission test was per-
formed with the Advance Prototype Unit after random vib- {
ration, The performance of the unit was satisfactory cx-

cept for pressure drop build-up on the seventh day of

testing; it appears that the Bacillus subtilis spore pop-
ulation on the biological filter had multiplied geometrically,
causing an increase in flow resistance. (p 5-8 to 5-14)

1.3.4 Shuttle Orbiter Development Tests

e i e .

Development tests were performed to collect in-
formation to design a Silver Ion Generator (SIG) for the Shuttle
Orbiter which will have 30 days of operating capability with
given constraints.  (p 6-1)
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A. Four accclerated breadboard tests were performed
simulating the particulate build-up of 30 days from
anticipated fuel cell water. The results of thesc tests
indicate the following. (p 6-2 to 6-11)

1. Three Advance Prototype Units as developed
(sec Section 3.6) connccted in parallel will be
required; or '

2. Ten-inch long prefiltering clements will be
required for a single unit design.

3. The membrane-type prefilters exhibit less pres-
sure drop and produce an effluent with less tur-
bidity than the depth-type prefilters. 1

4. The best prefilter for the SIG is the Pall
Trinity Micro Corporation P/N AB1AR8A - on thec basis
of performance tests, plus the consideration that

) the media of this element contains no asbestos.

B. A silver bromide column with dimensions to suit
the selected prefilter (Pall Trinity Micro Corporation
P/N AB1AR8A) was assembled and tested. The column sat-
urated anticipated fuel cell water at the flow rate of
10.37 kg/hr (22.8 1b/hr) and at minimum and maximum tem-
peratures. At 285.8CK (559F) the Ag+ dose was 0.035 ppm,
and at 296,9°K (75°F) the Ag* dose was 0.08 ppm. (p 6-11)

¢, Two tests were conducted with bacteria to verify

the bactericidal efficacy of 0.035 ppm silver ions in
anticipated fuel cell water at 285.89K (559F). The rc-
sults show that a 0.035 ppm silver ion dose killed 5:1x104/
ml Pscudomonas aeruginosa and/or Type IIIa cells in 15
minutes or less. (p 6-12 to 6-14)

D. A preliminary design of the SIG recommended for the
Shuttle Orbiter was prepared. The unit is a canister with
a replaceable subassembly of a prefilter and silver bromide
contacting bed. Thc SIG Unit's overall length is 30,5 cm
(12 in) excluding the interface conncctors, and its outside
diameter is 10.17 cm (4 in); the unit will have a dry
weight of 2.09 kg (4.61 1b). (p 6-14 to 6-17)

1.4 Reccommendations i

This report shows that the technology to develop a silver
ion potable water bactericide system suitable for aerospace
applications exists. It is recommended that a flight qualified
system for the Shuttle Orbiter be developed.

C H E M T = | C
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SECTION 2

PRELIMINARY BENCH TESTS

The approach to develop and evaluate the Advance Prototype
Silver lon Water Bactericide System included initially perform-
ing a scries of preliminary bench tests to verify and establish
design data. Preliminary and optimization tests werc performed
to accomplish the following.

(1) Verify the suitability of the preselected filter.

(2) Determine the optimum ratio of AgBr granules to
activated charcoals.

(3) Investigate elevated temperature effects.
(4) Evaluate desupersaturation techniques.
(5) Evaluate the effects of steam sterilization.

(6) Dectermine the effects of vacuum drying.

2.1 Filter Suitability Test

The perfcermance and characteristics of the sclected filter
cartridge, Pall Trinity Micro Corporation's /N MCY4463UR, was
determined with particulates in anticipated fuel cell water.
Figure 1 illustrates the test set-up; 1t was the same test
bed that had been used under Contract NAS 9-12792, except for
a new feed pump with higher capacity. A commercial housing was
usced in the testing.

A scven-day simulated mission test was performed with
anticipated fuel cell water simulant and the various sized par-
ticulates. On cach test day fucl cell water simulant was
pumped into the filter at the maximum rate of 6.82 kg/hr (15 1b/hr)
for 6 hours followed by 18 hours at onc-half the maximum.

The anticipated fuel cell water simulant contained the
following particles.

Approximate

Partical Number of Concentration
Sizc Range Particles per Liter my/ 1
a. 0 - 10 & 200,000 0.500
b, 10 - 25 x4 2,000 0.089
C. 25 - S50 400 0.146
d. 5S¢ - 100 an 200 0.560
C. 100 - 250 20 ' 0.873
2-1
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The particulate composition was prepared by utilizing sclectively
wet sicved (classified) Feldspar in the concentration designated,
The classified particles were procured {rom the International
Mincerals & Chemical Corporation.

The "dirt" capacity as reported by the manufacturer is 10.9
grams.  The "dirt" load for a seven-day mission is about 1.0
grams. DPressure drop data was collected before and after the
7 days to dctermine the actual pressure drop increcase. As the
graph on the following page shows, the increcase was less than
3450 N/sq m (26mm Hg). Turbidity measurcments, takea daily,
proved the filter's effectiveness in removing the particulates.
The filter was deemed acceptable.

2.2 AgBr-Activated Charcoal Bed Definition Tests

The silver halide colums developed under contracts NAS 9-
12104 and NAS 9-12792 utilized contacting beds composed of 6 x
45 mesh silver salts (AgCl and/or AgBr) and glass beads 450 to
500 microns in diameter. The glass beads and silver salts were
mixed in a ratio of 1.25 parts glass becads, to one part silver
salt. The function of the glass beads was to separate the silver
halide particles and prevent their reaggregation. CHEMTRIC re-
commended that activated charcoal be subsituted for the glass
beads to reduce weight and provide some adsorption capacity for
small quantitics of organics,

NASA's "Space Shuttle Fluid Procurement and Use Control Spec-
ification", SE-S-0073A, was vevised with respect to silver ion
content. The potable water limit for silver ions was increascd
from 0.05 mg/liter to 0.1 mg/liter. This modification simplified
silver ion dosing. The solubility of silver bromide at cabin
temperatures 288.5-303.70K (60-80°F) would limit the silver ion
content to a range between 0.043 to 0.085 ppm and obviate the
need for partial bypassing as employed in the Preliminary
Flight P'rototype System.

Bench tests were therefore performed with ApgBr granules
and activated charcoals (3 parts by weight Westvaco WV-G and
2 parts by weight Union Carbide Columbia LCJ) packed into a
PVC tube which approximated the core dimensions of the filter
cartridge (i.e., 2.0 cm in diameter and 12.7 ¢m long). The
objective of these tests was to determine the ratio of ApBr
granules to activated charcoal which saturated anticipated fucl
cell water with silver ions at ambicnt temperatures and also

maximi zed the amount of activated charcoal.
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Figure 3 illustrates the test sct-up that was used; a
commercial housing and filter clement were employed. The silver
ion dosing cartridge (i.e., the PVC tube) was packed with 40
cm3 of AgBr granules and activated charcoals. Experiments
were performed with various ratios (e.g., 2:1, 3:1, or 4:1) of
activated charcoals to AgBr granules (by volume), at various
anticipated flow rates (e.g., 5.63 kg/hr, 6.82 kg/hr and/or
11.37 kg/hr). The performance of the silver ion dosing con-
figuration was determined by measuring with atomic absorption
the silver concentration of the effluent.

Table 1, which gives the results of these tests, shows that
a ratio by volume of 4 parts activated charcoals to 1 part AgBr
granules does in fact saturate the anticipated fuel cell water
with silver ions at ambient temperatures while maximizing the
volume of activated charcoals.

Table 1 RATIO TESTS

Test 1

Ratio: 1.7/1
25 cc (29.2 g) Activated Charcoal
15 cc (19.8 g) AgBr

Flow Rate: 5.63 kg/hr (12.4 1b/hr)

Ag+ at 296°F(74°9F): 80 - 85 ppb

Test 2

Ratio: 3/1
30 cc (36.7 g) Activated Charcoal
10 cc (15.0 g) AgBr
Flow Rate: 5.63 kg/hr (12.4 1b/hr)
Ag+ at 296OF(740F): 80 - 85 ppb

2-5
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Table 1 (continued)

Test 3

Ratio:

Flow Rate:
Ag+ at 2959K(72°9F):

Test 4

Ratio:

Flow Rate:
Ag+ at 296°K(74°9F):

Test 5 (repeat of Test 3)

Ratio:

Ilow Rate:
Ag+ at 2969K(74°F):

Test 6

Ratio:

Flow Rate:

Ag+ at 296°K(74°r):

4/1

32 cc (40.2 g) Activated Charcoal
8 cc (11.6 g) AgBr

5.63 kg/hr (12.4 1b/hr)

80 - 85 ppb

4,9/1,

34 cc (44 g) Activated Charcoal
7 cc (10.2 g) AgBr

5.63 kg/hr (12.4 1b/hr)

70 - 75 ppdb

4/1

32 cc (40.2 g) Activated Charcoal
8 cc (11.6 g) Agbr

5.63 kg/hr (12.4 1b/hr)

80 - 85 ppb

4/1

32 cc (40.2 g) Activated Charccal
8 cc (11.0 g) Aghbr

11.37 kg/hr (25 1b/hr)

25 - 30 ppb




(concluued)

Ratio:

Flow Rate:

Ag+ at 29GOK(74°F):

fest 8

Ratio:

Flow Rate:
Ag+ at Nwoozﬁuaomv"

Test 9

Ratio:

Flow Rate:
Ag+ at 296°K(74°F):

Test 10

Ratio:

Flow Rate:

Ap+ at 290°9K(749F):

2/1

20.5 cc (31.4 g) Activated Charcoal
13.5 ¢cc (18.1 g) AgBr

11.37 kg/hr (25 1b/hr)

80 - 85 ppb

3/1

30 cc (36.7 g) Activated Charcoal
10 cc (15.0 g) AgBr

11.37 kg/hr (25 1b/hr)

80 - 85 ppb

4/1

32 cc (40.2 g) Activated Charcoal

8 cc (11.6 g) Agbr
6.82 kg/hr (15 1b/hr)
80 - 85 ppb

4.4/1

31 ¢c (38.5 .g) Activated Charcoal
9 cc (13.3 g) AgBr

6.82 kg/hr (15 1b/hr)

55 = 60 ppd
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Auoa, saessure dvop tests were counducted to deteriiine the
oo Sosasiance oreated by the packed bed.s  As Figure 4 shows

were made with oifderent ratios of activaied
abhr ::; with siig
m .

LI T TS
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i
ctly different volumes of the

coXUare,  Whese slightly varied tests suo;: cod s dar ﬂcu:ueA
GioJess o than 3450 N/saomo (260 mm lig) pressure drop at the anticl-
Lated LLow rate ol 0.83 kyg/hy (11305 MH\E»:U

2.3 wlevaied Jeommevature Tests
For o ihese tests, simulated fuel cell water was iltered,
G, dbie dhen 3:muca throu;h the 40 c¢c column ol g/ ! acﬁpo
oLl to AgBr.  As czzcneogv the solubllity of the AgBr
Lsod as the tenm " the water incrcasced causing a

orature of ot
i

Ap+ Concentration

80 - 85 ppl
. approx. 750
) approx. 1140 ppb

Riotivo tests were conducted S
wacer temperature of 3479K (

snatl oanount of A\
Woaad ause the water the Ag dons at a level dess th

, ; i was to treat the water at 3479K (1759
without

iperature, further neod of desupe

estion. Swo ratios by volume {(1.eo., YV pa
1 part silver bromide, and 20 to 1, respec-
At o {low rate oy 11.37 rn\~ 25 1b/hr),

ately 1150 ppb oat 1479K (175°9F) in

0 to 1 ratio allows only 2 cc of AgBr,

cre deeiied impractical.
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and silver concentration. The quantity of AgBr
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diminshed less than 0.03% by weight., These

ded by measuriag the Ag ion concentrution in

:ﬁo:wn absorsvion and converting the concen-

4
f
L. The resuivs of ﬁ:ovo tests are summarize

3 hrs ut 394-4089K (250-2759F)

1; 27.8g (28cc) charcoal: 9.2g (7cc)AgBr

Ao+ Concg

.
e e .

Volume

1170 nu Trace
60 ml 1140 ppbdb

Test No. 2 3 hrs ut 394-4 (250-275°F)
Ratio 4:1; 27.8g (28cc) charcoal: 9.2g (7cc)AgBr
Volune Ag+ Conc.
Stcam Vent Condensate 1050 ml Trace
Filter liousing Condensate 60 ml 1050 ppbdb
0.024% loss of ApBr by weight
Test No. 3 3 hrs at 394-408°K (250-275°F)
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- Vacuun Tests

A series of three vacuum tests were performed to determine

the eiffect of subjecting tne packed core mixture of silver bro-
ilce and activated charcoals to un cvacuated atmosphere. A wet
pucked core of silver bromide grunules and uactivated chuarcouls
was placed in w bell jar. The atmosphere in all threc tests
wus then evuecuated to a pressure of 2 mm Hg for at lecast one
Lour,  The packed core was then reattached to a simulated fucl
cell wuter source., Measurements taken beforce uand after the re-

.

duced cumospheric condition showed no change. The cffluent of
the packed bed had a silver concentration of 80-85 ppb, and a
turbidity of about 0.10 JTU during both pre-tes. and post-test
readings.  Also, the bed hud no change in pressure drop as a
result of the test.
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SECULION 3

ADVANCE PROTOTYPE UNLIT DESIGN

An wdvence prototyve silver ion water bactericide systen
was to be designed, fabricated, and tested under contract NAS 9-
13718, The design was to be bascd upon the results of contract
NAS 9-12792, and the results of the preliminary tests. The de-
sion was to emphasize hardware simplicity and include the flight
crharacteristics of minimum weight, Jow pressure drop, muaintain-
ability, and compactness. The design must be compatible with
the Shuttle Orbiter potable water system which has character-
istics as follows:

T !

Water Supply Fuel Cell

b. Supply Flow Rate 5.63 kg/hr (12.4 1b/hr)max.

c. Fucl Cell Exit Temp. 339-3479K (150-175°F)
d. System Pressure

124,000-276,000 N/sq ma
(18-40 psia)

¢. Water Delivery Flow Rate Up to 27.2 kg/hr (60 1b/hr)

f. Water Delivery Temperature
Hot 339 to 344°K (150-160°F)
Cold 277.4-288.69K (40 to 60°F)

g. Water Delivery Pressurc 207,000 N/sq md € 22.7 kg/hr
(30 psid @ 50 1b/hr)

After receipt of the contract, it was agreced that the

advunce prototype was to treut 620 kg (1377 1b) of anticipated
fucl c¢ell water per 7-day nominal mission, i.c., 89.3 kg/day
{190.7 1b/day); in casc of contingcncics, it wus decided that
the unit would treat up to 100 kg/day (220 1b/day). During -
review meeting on December 11, 1973 at NASA JSC, it was further
agreed that the interface connectors were to be quick-connccts
and that the advance prototype would treat fuel cell water at
cabin teuwpeiatures beceuse the stored water would be at these
whperatures., , e

3.1 Failldure Modes § Bifects Anulvses (FMEA)

The failure modes and ofifects analysces presented in Appendix
Bo hypothesized Juilure modes, coffects, and the
voslor osix difverent design concepts.  The objective
O these dnasyses was to deternine pessible modes of failure,
the eifocts of ruilure, anu to provide the design critevia o-
Gulred o rewove the susceptibility of such iailures.
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3.1.1 Procedurc

An EMEA was completed for cach design concept con-
siderced. The analyses was conducted to the part level.

The failure mode catugories used in the FMEA are defined
below:

Category I Failure ~- A single fuilure which ¢ould causc 1oss
of personnel.

Category II Failure - A single failure that could cause loss
of subsystem function(s) esscential to
continuation of space operations and
scientific investigation.

Category III Failure - A single failure which could not re-
sult in loss of primary or secondary mis-

sion objectives or adversely affect
crew safety.

3.1.2 Example
Design Concept: Single Canister (No Valves)
Appendix Pages: A-1 and A-2
Failure Mode and Cause: External lcak-scecal or metal failure
Fuilure Lf{fcct on Pefformancc: Water leaks into cabin

Failure Effect on Mission: Iligh humidit ossible contamina-
L& X s, POS
tion and insufficient water.

Criticality: II
Detection Method: Visual, high humidity, and/or low quantity.

Crew Action Required: None possible

w
b
(93]

1y B a
Results

Six design concepts were considered for analyses;
they are as follows:

1. Single Cunister

2. Replaccable Canister

0
R

1
<
-1
T
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3. Puruallel Caanisters with Intecgrated
Sclector Vulves

4, DParallel Cunisters with Sclector and
Check Vulves

5. Scries Connected Canisters with
Isolation By-Pass Valves

6. Purallel Canisters with External
Sclector Vaive

The failure modes are: (1) external lecakage, (2) inter-
nal lecakage, (3) channeling, and (4) plugging. It is assumed
that tubing and valve housings have rciiability of 1.0. If
external lcaxkage occurs water lcuks into the cabin; the re-
sultunt cfifccts arc high humidity, possible contamination and
reduced water supply. If internal leakage occurs watcr may
bypass the membrance (biological) filter and the AgBr - Acti-
vuted Charcoal Column; the resultant cffects are the water
may contuin more solids, less silver ions, morec organics, and
possibly microorganisms. If channeling occurs, water may bypass
AgBr - Activated Charcoal particles; the resultant cffccts are
the water may contain less silver ions, more organics, and pos-
sibly microorganisms. If{ plugging occurs the water supply dim-
inishes; the resultunt cficcts arce dehydration of the crew and
loss of coolant. The maximum critically of any possible [ailure
is a level 11.

Concepts, 4, 5, and 6 arc acceptable since single point
failures may be corrccted by sclection of another canister.

The anualyses {urther indicate the design of the Advance
Prototype should minimize the failure modes. The probability
for cxternal leakage will be reduced by the use of welding and/
or nickel-based stainless brazing alloys for joining, and a
single removable scal of the "O" ring variety. Corrosion in-
Jduced leakage, external or internal, will be minimized by
aterial selection (316 $S), climination of crevices, heat
tredtment, and passivation., A spring will be used to rcetard
AoBr - Actlivated Charcoal bed shiidting which cun promote
clhanneling;  this restraint will reduce the probability of
narticle disintegration which could plug the outlet bed re-

talner (yrex wooi;.

A conmbination of stuinless steel scrcens and Pyrex wool
CouSeu ws o the AnAr - Activated Charcoal bed retainer,
Tanoonent nrovides "deptih-mtype" filtration and is less
0 miuLan, than o "menbrane-type' ol retainer.  The

arca 0F tihe Maenbrane filter" {(i.e., the biological fiiter)




used to protect the packed bed of AgBr - Activated Charcoal
particles will be maximized to minimize plugging and pressure
arop.

3.2 Component ...ilurc Rates

The following failure rates were complicd to predict eox-
pected failures of components and rcliability. The failure
rates for plunibing, valve housings, ducting, and structural
neubers were assumed to be negligible. The failure rates
utilized were based on information published in the "System
Reliability Report', SSP Document Number A22 - Phase 11 A,

Hamilton Standard Division of United Aircraft Corporation, June

4, 1971.
2 Way Sclector Valve Failure Rate (AJ
External Leakage 0.001 x 10-9/hour
Metal Failure 0.400

2 Sliding O-rings
Internal Lcakage
2 Sliding O-rings
in scries 0.020

0.421 x 10" %/hour

Canister

External Leakage

Mcetal failurce 0.001 x 16-%/hour

Static O-ring 0.055
internal Leakage

2 Stutic O-rings 0.110

2 Compression springs 0.040

FFilter tcars or cracks 0.200

Column channcling 0.400
Final-Filter Plugs 0.160

0.966 x 10~ %/hour

SOTUNNUE JURNE § ST I
Chocek Vaive

External Leaxage

Moetar Lo lure 0.001 x 10'6/hour
Stutic O-ring 0.055
Internai Leurkage
Jonpet C.110
Spring failure 0,020

0.192 x 10°"/hour
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Isolation Valve with By-Pass

Lxternal Leakage -6
Metul failure 0.001 x 10 “/hour
2 Stuatic O-rings 0.110

Internal Leakage
2 Puirs of sliding
O-rings in series 0.040

0.151 x 10~9/hour

Reliability

(93]
(&3

Utilizing the component failure rate information complicd
in Scction 3.2, the expected failurcs and the reliability for a
7-day mission were calculated for design concepts 4, 5, and 6.
Design concepts 4 and 6 are identical in these analyses.

3.3.1 Parallel Canisters with Integrated
Sclector § Check Valves and/or
Parallel Canisters with External
Sclcctor Valve (Concepts 4 § 0)

3.3.1.1 Chance Failure Rate with 1st Canister ;

n

2-Way Sclector Valve 0.0421 x 10-9/hour :
Canister = 0,966
Check Valve = (0,192 “

1.579 x Ho-O\:o:w

v
fe

R = o-1.58 x 1076 x 24 x 7 _ _-205 x 1070

3.3.1.2 DProbability of No Failures During 7-Day Mission M

R = g - = 1 = 0.9997 |
e2.65x1u7 1.000265 |
3.3.1.3 Probability of No More Than One_Failure m
R = e b1+ 2t) ;
R o= 0.9997 (1+ 2.05 x 107%)
R = 0.9997 (1.000265)= 0.9999....
3-5
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3.3.2 Scries Conneccted Canisters with
Isolution/By-Pass Valves (Concept 5)

3.3.2.1 Chance Failure Rate with 1st Canister

0.151 x 10'6/hour
0.960
0.151

1st Isolation Valve
Canister
2nd Isolation Valve

1.268 x 10-%/hour

3.3.2.2 Probability of No Failures During 7-Day Mission
- -6 . -
R = ¢ 1-27x1070¢ _ o . ,-213 x 1076

R = 1 - 1
-4 =
e2.13x10 1.000213

= 0.9997

3.3.2.3 DProbability of No More Than One Failure

R = "2t (1+ 2t)
R = 0.9997 (1+ 2.13 x 10" %
R = 0.9997 (1.000213)= 0.9999....

3.3.3 Conclusions

On the basis »f the FMEA and reliability, concepts
4, 5§, and 6 arc esscntially cqual. However, the ground rules for
Shuttle indicate that concept 6, namely, '"Parallecl Canisters
with Lxternal Selector Valve'" is the preferred design and it

was sclected as the design to be developed as the Advance
Prototype.

3.4 Salcty

The design and performance deficiencies and category of
Jailure were identificed in Section 3.1, Failure Modes § Effccts
Analyses. There are no apparent mechanical safety hazards in
the desipgn.  The interfacing quick-connects with double end shut-
i provide reiiable and safe hydraulic and mechanical conncctions,
Maintenance {i.e., replacement and/or changing of an Advance
Jrototype Unit) on the ground or inflight is facilitated by the
Guick-connects.

3-6
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Sterility vequirements dictate no ground or inflight repair
at the component ievel. The design ol the flight unit should
provide positive means to prevent canister disasscembly

3.5 Quality Assuranc

The advance prototype unit is a unique chemical dosing
apparatus and its performance is related to chemiophysical
processes and the materials of construction., The unit was de-

fpned and fabricated in accordance to CHENTRIC drawings and
m:cnwﬁwc:ﬁwo:m. All specially fabricated parts were inspected
and accepted at the manufacturing source, After receiving and
w:mzcrﬁbc:. the prefilter and the materials for the contacting
bed were prepared, packed, and sterilized in accordance to pro-
cedures developed by CHEMTRIC.  1n the testing and evaluation of
the advance prototype, standard methodology was utilized and
certiticd chemical standards were employed in the calibratien
of instruments uscd to determine and verify performance charact-
eristics., A quality assurance cngineer was not employed to

;<wcz, monitor or witness these tasks; these activities were
pertormed by the program personncl.

The design c;t::.chm control of corrosion. The canister,
V-band, E.:crc , springs, and the internal ,/.E:::,::m parts
woere fabricated from 310 stainless steel.  Brazing and welding
wore usced to join clements;  butt joints were used in licu of
H;t-ﬂwcc unions. The unit was heat treated ::g annecaled to
minimnize the coﬁo:ﬁp:» for intergranular corrosion, and then
passivated.  Subsequent cleaning and decontamination procedures
wore ?.:;.E;..EL. without the use of abrasives, to preserve the
integrity of the passivated surtfac

3.0 Desien

W

Fipures 7 and 8 show the Advance Prototype Unit that
was o developed under ::m program.  As shown, the design is a
single canister. 1t consists of a two picce housing fastoened
a V-band clawp, a ::c-. cartridpe, and a contacting bed of
ver bromide granuies and activated charcoals, The desipn
Pnciudes constraints tor vibration by spring loading.  Maintain-

Piity for re-use of the system is provided by quick connects

the head ot the housing.

Fuei voli water enters the Advance Prototype Unit via an
o rt and s oadistributed byoaomani told into the housing.
Coc water then flows radially through the tiltering clement
Che vartictiates and bacteria are eaciuded,  The filtered
ater o then diows axially through the siiver bromide-activated

N DY M H 1
Vo PV L

where the water is dosed with silver ions and
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Yoo dinverfuce regulrements for the Advance Prototype are

foliows:

.

A, sechaniceuld

beo teoobt {(nacked and wet) - 1,25 kg (2.75 1b)
2. Dumensions - 1V, ¢ (7,03 in) x 9.0 cm (3.53 in
e . . \ .
3. Two Fustencesrs - 10 oe determined
B, Llcectiricul - Cluss S Bonding
C. ‘Jhermal o
S.oo Minl.am Toewnerature 2779K (4095
2. Maximum Yoiperacure 3039% (80°6)

D. [Liydraulic -~ Two CulcR-COnnc s with double ond shut-off
(Swugelock #/N 400-GC-200 DESO - 316 SS or lHqguivalent)

revy . 'y gy s

D Advaice Prototyne Unit is to be installed in the pot-
Ghle water systom downsoreu of the fuel celis and upstream of
the wutor storage tunks. A heat exchanger will be required to
CUul L LGl oeedl o water;  tae Inrluent water shooaid bLeootog
temperature of 294-2979X (70-7»Vi, . i the intiluent fucel c¢ell water
vsout the Tuel celly exit Tunpeiadvure, 339~=35479x (i50-175°%1), lhe
water wiil be dosced with 0075 to 1.1 ppm ool silver ion and will
not ve within the silver iua concentration reguired (0.1 ppmomux).

Muintennoce o o Tiight unic 1s reguired on two levels;  ou
the ground, o pomnit redurbisnoaent o) the system for the next
Ll t, wha i Ll venidie, o nrovide reldiable and suale hydraulic
GhdoaOUnLn EdhL connectaons. Quics-Connects with double end shut

SO were scleceed to malie the connections and to minimize turn-
around tise. Utilization of Quick-Connects also pernits in-
Sloght madntensnee to increuse reliubility or to extend mission
Cupuabliaty with spure units.
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and the nuwsber of hours was somewhut arbitrary, but
bie datu did not perait a quuntitutive scelection of

curate value.
advantages of the wbove busic routines were as follows:

The use of three significantly different fuel cell
water input flow rutes provided u realistic test

of the performance of the Aglr granule § activated
chuarcoul curtridge; both are influenced by flow rate
Variuations,

The scliccted rate combinations yiclded a daily water
quungJuy oi 99.3 kg (218.5 1b), which is u closc approx-
imation ol the nominal value of 89.5 kg/day (196.7 1b/

b

{*
day) and the maximum value of 1 0 kg/day (220 1b/day)
as indicated by Rockweil International.

Tac sclcected product druw oif sequence produced a 20-
nour pblLou uring which static coaditions prevailed in
tihe plumbing downstream of the water storage tanks.
This pzx rovided a rigorous test of silver's bacteri-
¢idal action in scgments of the system which arc sensi-
tive to bacterial infestation (e.g., draw-off outlets).

Extremes of bacteria-buctericide contact times were
cvaluated with the selccted regimen, since IFCW sinmulant
would accumulate in the s cm over-night, yet during
water draw-ofil, the contact times when the system was
necarly empty were 15 minutes or less

r flow rates were monitored by {low meters with a

rated sccuracy ol 1%. Input flow rates werc sct by manipulat-
ing the mevering punp gonL Is. Draw-off {low ruates were a

{furction
drop cuus
ured by {

o

ran Rneas

Loaa T LICAS

1or such

o: the hutcT torage tank gas pressurce and pressure
cd DY reolated plumoing. Water quuntlties were meas-
1 and (2) time und flow

use 0L Casibratow reservoir

ts. Whe use oo calibrat
t techniquce;  however, t
large reservoiss is 24,

S,
cd reservoirs werce the
ne anticipated accuracy

14 M N ‘ T, e e J e T e s
%.L..’. ."ux'l (,L‘ll Haoer Sinuaant
A N 1) qa o - ,e 1 N a o~ s .- 1 . 4 3 Ay es A o
Jhe ldviancee Prototyvpe Unit processced anticipatoed
- B - . PN e e cl e ) s . T ot R .
v, Sl s WL, Ll Sanie ;u...j\)b;;lvu Was UsScd in ¢cacgh Sll.lhluth
NS L0 TesU, Jhe Cons vl cuens comnosing the anticipated fuel
R i & i

Ol s Waioer

-
)

R . N ]~ LORIPE P o
wa O PR G RV IS A il -

« AT e

e e,

—

e




-
g 3

Table 20 ANTICIPAVED PULL CELL WATER COMPOSITION

1. Pronertices Limdts (Maxdimum Allowance)

f.pil 6.0 - 8.0 at 25°C (77°F)

. lotul Solids 20 ppm

¢c. Tuste & Odor® Nore at Threshold (Odor No. of 3)
d.  Turbidityw® 11 Units

d. Color, TrucH#= 15 Units

f. Totul Organics 10 ppm

2. Particulate Size Range No. of Particles pexr 500 ml Fluid

10 microns Unlimited
- 25 microns 1GC0
50 microns 200

- 100 M’CTOWS 100
0 -~ 250 microns 10

[}
FAUTLI 1 O
[ N ar N V3 Navl

|

3. Tonic $pecics Maximum Allowable Concentration

a. Alwninun rFor rciference only
b. Cuadmiun 0.01 ppm
¢. Cialoride 1.0 ppn
d. Chromiun
(Ilexavualent) 0.05 ppn
c. Copper 1.0 ppm
r. lIron 0.3 ppn
¢. Lead 0.05 ppm
n. Magnesium Yor refercnce only
L. wdhguﬂgbc 0.05 ppmnm
i Mercury 0.605 ppm
k. Nickel 0.05 ppn
1. Potassium For reierence only
m.,  Scleniun 0.05 ppm
n. Silica For rcference only
o. Silver 0.05 ppm
v, Ammonia 0.5 ppm

The contaminants listed were used at thedlr respective
concentrutvion, but with some deviations.

% Deternined per the method described on page 304 of Stuandard
Mothods Jor tiae Exuwalnatlon of Water and Waste Water (12th
Ldition;

ik JeLe o inew LAaLRs tae nepheioneiric turbidity procedure des-
SrlDew Ao AN Ui bed.
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The tubulation contains silver. This cleoment was omitted
becuuse 1t adversely affccts the bucteriu udded to the fucl cell
water simulunt.

The particulate loud could not be duplicated without nicro-
scopic counting. The puarticulate load, however was approximated
by weighing-out classificd ieldspar particles in size ranges
listed. The anticipated fuel cell water contained the following
particles.

Approximate

Particle ~ Number of Concentration
Size Ruange Perticles per Liter mo/1

“. 0 - 10 « 200,000 0.560

b. 10 - 25 & 2,000 0.080

c. 25 - 50 « 400 0.140

d. 50 - 100 4 200 0.560

e. 100 - 250 « 20 0.873

Bacteriua added to the FFCW simulant provided additional part-
icies at the low cnd of the particle size spectrum - i.c., 107,
1 to 2 micron particles per 100 ml

Sodium lauryl sulfate was used to simulate 10 ppm or-
ganics; at this concentracion (10 ppm) sodium lauryl sulfarte
cxhibits a threshold Odor No., = 1.2 and a threshold Taste No. = 1.
The orgunic contuminants uscd under contract NAS 9-12792 were
not uscd in these tests becuuse at a 10 ppm concentration the
resultant tiareshold odor and tuste are greater than 3.

The FCW simulant was prepared cuch day by adding aliquots
of concentiated solutions oi the constituents to a fixed,
measurced quantity of deionized water of at lcast 1 megaohm purity;
the quuntity ol sinmulunt prepared cach duay was sufficiently lurge
113.5 1 (30 guil) to uccommodute rcusonable contingencies. The
constitucnts were compounded into one of five separate concen-
trated aqueous solutions as follows.

1. All cationic specices except sodium and potassium as
chloride salts.
2. All anionice sypecices except chloride as sodium and

i<
R R T I -
SOLUSsS iU Su4tls,

< N ey . 3 1 .
NI Plauspur pdrtl&.x(‘.b.
: e Tt e T e T gt ey e
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The dilution fdg;Ol {rom thc concentrate to the simulant wus
1101 that is, the concentrate was 1100 times more concentrated
1nun tho simuluuk. By adding 100 ml of cach concentrate (ex-
cept the bucteria suspension), the concentrations specified for
cach constituent was attuined. The composition of cach duily
butceh o FCW sinuluant was monitored by total solids, pH, and
conuductivity meuasurcments. The alkalinity provided by the dis-
solved species wus also determined.

4.1.3 Buscline Water Sampling § Analysis

An important objective of the test program was the
cvualuation of performance with respect to time as well as over-
ail system performance. 7To accomplish both types of evaluation,
sumpling and subscquent analysis of water at intermediate times
was carricd out in addition to final product water sampling
and analysils. Such activity occurred uniformly in each SMT to
insurec a common basis of comparison.

-.1.3, ntermediate Sampling § alysi
1 1 1 rmed Sampling § Analysis

Samples were taxken twice cach day (3-4 hours
and 20-21 hours after start-up) from the septum downstrcam of the
AgBr granule-activated charcoal cartridge. All samples were
tuken asepticuliy. Two scparate 500 ml quantity samples were
taken at cuch tine, thercby nroviding individual samples for
chenical and deuCTlOlOgLC d“dlySIS. Five ml of 1/10 normal
sodium thiosulfate were added to the 500 ml biological sanple
immeaiately after sempling to arrest the bactericidal action of
silver ions.

4.1.3.2 Tinal Product Water Sampline § Analysis

S'*)liny of the final product water was
carricd out at the cnd of cach test duy when the product water
was being drained {rom the system. Grab samples were taken in
the first, sccond, und third hours of hot and cold water draw-
01 for lu-housc analyses {(primarily biological). Chemical
analyses were perioriied on tie accumulated product water cach

Gad.

[N

¢ rirst 500 ml oof product water wuas drained i{rom the
ter outlet vaive. diald o the sawple was used for
ChL o oanaavses while tie renainder was used for silver
sy perioriance characteristics.

—

i
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anaLys LS uane
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Lrd o hour grab oswaeples were used exclu-
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fhe scecond ana
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Loundalyses (piate counts)y.  ALL grab sanpices

savely for bioiog.eal




were taken in sterile bottles directly from the hot and cold
outlet valve.

Samples of product water were taken directly f(rom the
reservoir after all of the product water had been drained off.

Product water samples were shipped to NASA JSC for complete
unalysis. The wnalyses performed by the JSC included specific
anulyses for cach constituent listed in the anticipated fuel cell
water composition. This analysis corroboratcd CHEMTRIC's
anulyscs, cstablished a confidence level in the performance of
system, and cstablished compliance with potability requirements.
The samples were identified by label as product water with the
SMT number, test day, and date. ‘

4.1.4 Bacteria Challcenges

The Advance Prototype System was challenged with
the test bacteria by the injection of specific quantitics of
viuble bacteria cells/spores at specified locations on cach test
day. The pattern of challenges was identical in cach SMT; the
number of bacteria constituting each challenge was identical.
The pattern was as follows:

Days 1 to 7

A bacteria suspension of Bacillus subtilis was added
dircctly to the FCW simulant rcscrvoir at the start of the test.
Sufficient suspension was added to produce a ccll/sporc dosc 1
of 100 (minimum) per miliiliter of simulant. Dosing the reser- !
voir results in a continuous challenge to the filter clement of
the system. The stability of the bacteria dosc was monitored
by performing plate counts on the input water after 21 hours of
operation. The cffectiveness of the filter was determined by ‘
plate counts on (1) stored water samples after 4 and 20 hours ‘
of operation, and (2) potable water, hot and/or cold, after 20 |
and 22 hours of operation. ‘

The additional pattern of challenges, sampling, and analysis
was as f{ollicws.

Dav 1
P A

A suspension of Pscudononas acrupinosa containing wt least ;
109 bacteria was injected into septums located at the top of %
the storane tanks during the Yirst hour of operation. [late 1
ccunts were performed on stored water samples after 4 and 21
Lours of oneration, and on potabic water, hot and/or cold,
after 20 and 22 hours of operation.

4-0
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Day 2

A one (1) milliliter suspension of Pscudomonas acruginosa
with a cell dose > 10°/ml wuas injected into the septum locuted
at the hot water outlet. Dosing the water outlet challenged
the cefficacy of the AgBr dosc residual. The stability of the
bacteria dosc was monitored by performing plate counts on 500
ml samples of hot water drawn-off 20 hours after injection.

Day 3

A one (1) milliliter suspension of Pscudomonas acrupinosa
with a cell dose D> 105/ml was injected into the scptum located
at the cold water outlet. Again, dosing the water inlet challenged
the efficacy of the AgBr residual. The stability of the bacteria
dose was again monitored by performing plate counts on 500 ml
samples of cold water drawn-off 20 hours after injection.

Day 4

No additional challenges; sterilized hot and cold water
outlets.

Day §
e m—

A suspension of Type IIIa bacteria containing at lcast 10°
cells was injected into septums located at the top of the sterage
tunks during the first hour of operation. Plate counts were
performed on stored water samples after 4 and 21 hours of opera-

tion, and on potable water, hot and/or cold, after 20 and 22
hours of opcration.

Day ©

A one milliliter suspension of Type IIla bacteria with
a cell dose > 109/ml was injected into the septum located at
the hot water outlet. ‘The dosing at the water outlet challenged
the cfficacy of the AgBr dose residual. The stability of the bac-
teria was monitored by performing plate counts on 500 ml samples
of hot watcer drawn-off 20 hours after injecction.

bay 7
e .

A one (1) milliliter suspension of Type [1Ia bucteria with
w cell dose > 10%/ml was injected into the septum located at the
coid water outlet. The dosc challenged the efficacy of the AgBr
Jose rosidual. The st2bility of the bacteric dosce was monitored
by performing plate counts on 500 ml samples of cold water druwn-
off 20 hours after injecction,
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4.2 Chenical Analyses § dMethods

This analytical cffort was carricd out in-housc and at
NASA JS5C. Stuandard methodology was employed in all analyses.

The analytical methods employed at NASA JSC are described
in detuil in Document No. CSD-A-726 (Procedure Manual for Water
Analysis). The procedures contained in the above manual arec
based on the proccdures contained in the Standard Mcthods®* text
or on superior instrumental methods (e.g. atomic absorption),

The chemical analyses that were performed in-house used the
following mcthodology.

(1) Spnecific Resistance

(a) Method - Standard Methods test; pages 323 - 327
(b) Instrument - YSI Model #31, Conductivity Bridge

(¢} Accuracy - * 1% in range of 2 ohms to 2 megaohms

(2) pi
(a) Mcthod - Standard Methods text, pages 276 - 281
(b) Instrument - Corning Model 7 pH meter

(c) Accuracy - £ 0.05 pH (relative)

(3) Turbidity

(a} Mecthod - Nephelometric as per insturment manu-
facturer's manual. ‘

(b) Instrument - Hack Chemical Co., Model No. 2100 A
laboratory turbidimeter.

(¢) Accuracy - * 2% of full scale

" Standard Methods for the Examination of Water and Waste

vater, 13th bEd., APHA, AWWA, WPCI, Washington, D.C. (1971)




(4)

(5)

(6)

(7)

(8)

Totul Solids

(a) Mecthod - Gravimetric as per Standard Methods text,
pages 535 - 541

(b) Instrument - None

(¢) Accuracy - % 5%

Chloride

(a) Mcthod - Titrimetric, mercuric nitrate method as per
Standard Methods text, pages 95 - 99

(b) Insturment - None

(c¢) Accuracy - = 4 ppnm

Silver

(a) Method - Atomic absorption

(b) Instrument - Perkin-Elmer Model 103, Atomic Absorp-
tion Spectrophotometer

(¢) Accuracy - = 4 ppm

coD

(a) Method - Standard Mecthods text, pages 495 - 499

(b) Instrument - None

(¢) Accuracy - £ 2 ppnm

Acidity

(a) Mcthod - Standard Methods text, pages 50 - 52
(b) Instrument - None

(¢  Accuracy - = 1 ppn

AR i."A:AL\'

(a)  Method - Standard Methods text, pages 52 - 50
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(b) Instrument - Nonc

(¢) Accuracy - = 1 ppm

(10) Truc Color

(a) Mecthod - Standard Methods text, pages 160 - 102

(b) Instrument - None

oL

(¢) Accuracy - % 2

4.3 Biological Analyses & Methods

The methodology for culturing the test bacteria, preparing
bacteria challenges doses, and analyzing water are presented
in the following discussions. Standard techniques were employed.
The test bacteria were obtained as follows:

(1) Type IIla from the National Center for Discase Control,
Atlanta, Ga. -

(2) Pscudomonas acruginosa {rom the American Type Culturc Collcc-
tion - type #14502

(3) Bacillus subtilis from the American Type Culturc Collection
type #G033,

4.3.1 Culturing § Dosc Prcparation

The above cultures were transferred to appropriate
media upon receipt. Sub-cultures of the initial transfers were
made and after incubation, werce refrigerated for future use.

The {lavobacterium species and the Pscudomonas specics
were cultured on APT agar;  the same medium was usced in the an-
alyses of water samnles. The bacillus species were cultured on
AR agar #2;  as with the other bacteria species, the culturing
wedium was also used in the analyses of water processced in the
SMYoand Josed with the bacillus species. Periodic checks of
culture purity were made by gram stain, spore stain, and streak

cate preparation.

The same peneral procedure was followed in preparving the
challenge doses of cach of the three test bacteria. llowever,
the baciilus species did require heat trecatment to kill off
vepatative cells and conscquently some special treatment was
egu ired.
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A corrclation between viable cell count and suspension tur-
bidity was estublished for each test species. This corrclation
wus uscd subscquently to aid in determining the cell count in
the test dosc prior to injection into the system. The detailed
procecdures were as follows:

(1) Inocculate a Kolle flask containing 300 ml of the solid
nutrient medium and incubate at 3099K (96.89F) for 48
hours (120 hours for B. subtilis).

(2) Harvest the culture by teasing the agar surface with a wire
loop in the presence of 25 ml sterilec, phosphate-buffered
salinc (PBS).

(3) Transfer the suspension to a sterile, capped flask contain-
ing 25 ml PBS and a quantity of glass beads. The flask
was agitated vigorously for 15 minutes.

(4) The above suspension was then decanted into a sterile,
capped, centrifuge tube which in turn was centrifuged.
The supernatant liquid was decanted off and the cells
resuspended in 50 ml PBS and centrifuged again. The cells
were then resuspended in 25 ml PBS.

(§) The final cec¢ll suspension was then submitted to serial,
decade dilution using 10 ml aliquots. DPlate counts (mem-
branc {ilter technique) and turhidity readings werc made
on cach of the dilutions. The correlation established be-
tween cell count and turbidity values were used in prepara-
tion of the challenge doscs.

The corrclation established above permitted estimation of
the cell count in subsequently prepared suspensions withour in-
curring the delay (24 - 48 hours) inherent in platc counts.
Subsequent suspensions werc preparcd by the above procedures
up to step 4. An aliquot of the suspension was then subjccted
to sclected dilutions; the turbidity of these dilutions was
determined. From the turbidity, the ccll count of the suspension
was rcad from the corrclation curve for that specics.

Once the cell count of the {inal suspension was known, the
challenge dose could be {ixed accurately cach time. The minimum
challenge dose was 100 viable cells/spores.

The bucillus species was trcated in an identical manner as
above up to step 4. lHowever, 8 Kolle flasks of this species
were used and the final suspension resulting from step 4 was
contbined in a sterile flask. This combined suspension was im-
mersed in a 3439K (1589F) water bath for 30 minutes after hceat
trcatment; the combined suspension was submitted to plate counts

4-11




(membrane filter). The scrial dilutions used in the plate counts
were submitted to turbidity mecasurements for reference purposcs.

The combined suspension served as the stock for all B. subtilis
doscs., -

An aliquot of all challenge doses was submitted to plate

count procedures on the day of injection to verify the cstimated
dose.

4.3.2 Quantitative Analysis

The assay method used for water analysis and for
analysis of the cell suspensions was the membrance filter tech-
nique. The nutrient media used for culturing the test bactceria
was also used in the assay. Sodium thiosulfate (1.0 ml of 0.1
N solution per 100 ml of water) was added to each sample as soon

as possible after sampling to arrest the bactericidal action of
silver. )

The membrane filter method of assay is a standard procedure.
The salient fecatures of the subject application are as follows.

(1) Five hundred ml of sample were filtcred.

(2) The filter disc was washed with threce 100 ml aliquots of
0.001 N sodium thiosulfate, followed by washing with three
100 ml aliquots of APT broth. TFilter discs used in cecll
suspension assays were washed with APT broth only.

(3) Standard filter disc holders were used (Miilipore Cata-
log # XX11-047-00).

(4) Standard filter discs (47 mm diameter) were used; the pore
size was 0.22 microns.

(5) The filter discs were placed (rolled) onto the surface of
the appropriate agar medium; the petri dishes were scaled
with-plastic tape and incubated in a humidified atmosphere.

(6) The above plates were inspected for growth after 24 and
48 hours of incubation.

All water samples were assayed on the day that they were
acquired.

e e . i em
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SECTION 5

ADVANCE PROTOTYPE UNIT TESTS

5.1 Test Apparatus

Figure 9 on the following page illustrates the test sct-
up used during mission testing of the Advance DPrototype. The
componcents and test stund procured and asscembled under Contracts
NAS 9-12104 and NAS 9-12792 were utilized and upgraded to in-
clude a steam generator, an additional storage tank, suitable
insulation, fucl cell water simulant heater and thermostat, and
a2 higher capacity feced pump. The Advance Prototype was mounted
vertically to the test stand structure. The hcater and chiller
were located remotely to simulate installation in a vechicle.

The test system was clcaned and sterilized before cach
simulated mission test. This clean-up consisted of (1) filling
the system with an aqueous solution of 50 ppm hypochlorite, (2)
allowing the solution to remain one hour before draining, (3)
flushing with 1 ppm silver dosed deionized water twice, and (4)
filling the system with 0.080-0.085 ppm silver dosed deionized
water which was allowed to stand one hour before final draining.

5.2 Advance Prototype Test No. 1

A seven-day (168-hour) simulated mission test was performed
with the Advance Prototype. The objectives of the test wecre
to establish baseline chemical performance and to determine the

bacteriostatic/bactericidal efficacy of the Advance._ Prototype
unit.

During both simulated mission tests, bacteria was in-
jected to verify that silver ions are effective in killing
bacteria, and the flow rates were varied to simulate the range
of operating conditions. The bacteria werc injccted as follows:

Days 1 to 7 - Bacillus subtilis into the Simulant

Day 1 - P, acruginosa into the storage tanks

Da; 2 - P. acruginosa into the hot water cutlet
Day 3 - P, acruginosa into the cold water outlct
Day § - Type I1la into the storagc tanks

Day 6 - Type IITa into the hot water outlcet

Day 7 - Type ITla into the cold water outlet

The Advance Prototyne Unit processed 100 kg/day (220 1b/day) of

anticipated fuel cell water at ambient temperatures for seven days.
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lHalf of the trecated water passed through a hcater maintaining the
water at 336-3399K (145-150°F) and the rest passed through a
chiller maintaining the water at 278.5-281.99K (42-480F).

5.2.1 Advance Prototype Unit Preparation

After fabrication, the unit was clcaned and packed
according to the conclusions of the bench tests. First, the
cartridge core was packed with a mixed bed of activated charcoals
and silver bromide in a ratio of 4 parts activated charcoal to 1
part silver bromide by volume. Then the cartridge core was
assembled into the biological filter (Pall Trinity Micro Corpora-
tions MCY 4463UR), and the entire Unit was {inally assembled.

5.2.2 Test Nc. 1 Results § Discussions

Table 3 lists the daily stream and water quality
characteristics of Advance Prototype Test No. 1. The tabulated
characteristics indicate that the system performed satisfactorily.
The water quality was within all specifications. The silver ion
dose was always approximately 0.08 ppm.

Table 4 lists the daily doses of bacteria injected and the
plate counts of all samples collected. The tabulated data shows
that the 0.08 ppm §g+ dose provides bactericidal activity against
the infusion of 10°/ml bacteria into the treated water, and that
the biological filter excludes bacteria (spores) in the water
before the silver bromide cartridge.

The operating pressure drop characteristics of the Advance
Prototype Unit was determined before and aftcr the scven day
test. To obtain these characteristics, a mercury manometer,
decionized water, and a rotameter were used. Figure 10 presents
the results of these tests. These tests indicate that the flow
resistance had incrcased slightly as expected following seven
days of filtering particles and Bacillus subtilis spores; how-
ever, the pressure drop increased to only 5510 N/sq m (0.8 psi)
at the designed flow rate of 94 ml/min (12.4 1bs/hr).

§.3 Random Vibration Testing

The Advance Prototype Unit was vibrated at the General
Environments Corporation (formerly the Inland Testing Lab-
oratories) in Morton Grove, Illinois., The vibratiou machince
uscd for this work is the GEC Property No. ES-11-5090. This
machine is capable of subjecting a fixtured load of 52.3 kg (115
pounds) to the random vibrations specified in paragraph 3.3.3 of
the Statcment of Work for this contract. The Lift-Off/Boost

L w




Table 3 ADVANCE _PROTOTYPE TEST No. 1

WATER QUALITY CHARACTERISTICS

Test
Day Sample \u
No. Water pH (Kohm-cm)
1 Simulant 7.9 22.5
Stored 4th Hr 7.9 23
Stored 21st Hr .7.9 23
Product 7.9 23
2 Simulant 7.8 80
Stored 4th Hr 7.8 78
Stored 21st Hr 7.8 78
Product 7.8 78
3 Simulant 7.9 68
Stored 4th Hr 7.9 68
Stored 21st Hr 7.9 68
Product u.w‘ 68
4 Simulant 7.3 70
Stored 4th Hr 7.3 70
Stored 21st Hr 7.3 70
Product 7.3 70
5 Simulant 7.2 70
Stored 4th Hr 7.2 70
Stored 21st Hr 7.2 70
Product 7.2 70
6 Simulant 7.9 66
Stored 4th Hr 7.9 66
Stored 21st Hr 7.9 66
Product 7.9 66
7 Simulant 7.3 56
Stored 4th Hr 7.3 56
Stored 21st Hr 7.3 56
Product 7.3 56
(continued on next page)
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Ag+ Conc.
(ppm)

<0.01
G.08
0.08
0.08

<0.01
0.08
0.08
0.08

<0.01
0.C8
0.08
0.08

<0.01
0.08
0.08

0.08"

<0.01
0.08
0.08
0.08

<0.01
0.08
0.08
0.08

<0.01
0.08
0.08
0.08

True
Color

10
<S5
<5
<5

10
<5
<5
<5

10
<5
<§
<5

10
<5
<5
<§

10
<5
<5
<5

10
<5
<5
<5

10
<5
<§
<5

Threshold No.
Odor Taste

2 2
1.4 1.6
1.4 1.6
1.4 1.6
P 2
1.4 1.0
1.4 1.6
1.4 1.6
2 2
2 2
2 2
2 2
Z 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
C




-

Table 3 (concluded)

Test
Day
NO.

Sample
Nater

ro

(2]

Simulant
Stored 4th Hr
Stored 21st Hr
Product

Simulant
Stored 4th Hr
Stored 21st Hr
Product

Simulant
Stored 4th Hr
Stored 21st Hr
Product

Simulant
Stored 4th lirv
Stored 21Ist Hr
Product

Simulant
Stored 4th lHr
Stored 21st Hr
Product

Simulant
Stored 4th Hr
Stored 21st lHr
Product

Simulant
Stored 4th Hr
Stored 21st Hr
Product

Tur-

bidity

(JTU's)

1.1
<{1.10
<0.10
<0.10

1.1
<0.10
<0.10
<Q.10

1.1
<0.10
<0.10
<0.10

1.0
<0.10
<0.10
<0.10

1.0
<0.10
<0.10
<0.10

1.1
<0.10
<0.10
<d.10

1.1
<0.10
<0.10
<0.10

()]

_ d_:: '

10
<10
<10
<10

10
<10
<10
<10

10
10
10
10

10
10
10
10

10
10
10
10

10
10
10
10

10
10
10
10

o
’
v

C1”

:d_:m_w

S N S Y

e e

[en e

0

0

oo

0
0

OO OO

Acidi-
ty
hbbsw
<l.0
<1.0

<1.0
<1.0

.0
.0
0

S S W

. hu

Alka-
linity TS
(opm) (pm)

1.0 37
<l.0 14
<1.0 <3
<1.0 17

1.0 25
<1.0 <l
<1.0 10
<1.0 3

1.0 39
<1.0 4
<l.0 6
<l.0 2

1.0 4
<l.0 Q
<l1.0 <l
<l.0 <i

1.0 10
<l1.0 4
<1.0 3
<1.0 9

1.0 54
<i.0 4
<i.0 32
<1.0 45

L0 19
<',0 17
<1.0 7
<1.0 19
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Table 4 SUMMARY

OF BACTERIOLOGIC ANALYSES FOR ADVANCE

PROTOTYPE

TEST No.1

Dose (1) Sample Points
Test 'njection Nurber &
Dayv Point Specie Simulant(2) Stored Water  Hot 0.V.(3) Cold O0.V.
Hr. Count Hr. Count Hr. Count
1 Simulant 3+1x10°B.s.* 2x102/m1* 4 <1/200m1 22 <1/200m1 23 <1/200ml
Storage 321x109P. a** 21 <1i/200ml1 23 <1/200ml 24 <1/200ml
2 Simulant 3:1x10°B.s. 2x102/m1* 4 <1/200m1 22 <1/200ml 23 <1/200mi
Hot O.V. 3:1x10°P.a. 21  <1/200m1 23 <1/200ml 24 <1/200ml
3 Sinmulant 321x10°B.s. 3x102/m1* 4 <1/200ml1 22 <1/200ml 23 <1/200mi
Cold O.V. 321x10°P.a. 21 <1/200m1 23 <1/200ml 24 <1/7200ml
4 Simulant 3:+1x10°B.s. 2x102/m1* 4 <1/200ml 22 <1/200ml 23 <1/200ml
21 <1/200m1 23 <1/200ml 24 <1/200ml
5 Simulant 3:1x10°B.s. 2x102 /m1* 4 <1/200m1 22 <1/200ml 23 <1/200ml
Storage 321x109111a 21 <1/200m1 2% <1/260ml 24 <1/200ml
6 Simulant 3+1x16°B.s. 2x10¢/m1* 4 <1/200m1 22 <i/200ml 23 <1/200ml
Hot O.V. 32+1x10°111a 21 <1/200m1 23 <1/200ml 24 <1/200ml
7 Simulant 3:1x103B.s. 2x102/m1* 4 <1/200m1 22 <1/200ml 23 <1/200ml
Cold 0.V. 3*1x10°I1la 21  <1/200m1 23 <1/200m] 24 <1/200ml
(1) All Doses 1injected during start-up, 1st hour.
(2) All sirulant sarples taken during Zdéh hour. * Bacillus subtilis
(3) O.V. = Outlet Valve ** Pseudomonas aeruginosa
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Random Vibration level was 2.5 minutes in cach of 3 mutually
perpendicular plancs.

20 to 80 ¢ps at 3 db/octave increase
80 to 180 cps at 0.06 Gz/cps
180 to 200 cps at 12 db/octave increase
200 to 400 c¢ps at 0.1 Gz/cps
400 to 450 cps at -12 db/octave increasec
450 to 2000 cps at 0.06 G¢/cps
The above vibration levels automatically provided a 6

"G" launch load (G in any direction) to satisfy the requisites
of paragraph 3.3.1 of the Statcment of Work.

5.3.1 External Examination

The Advance Prototype Unit, packed and sterilized,
was sccured to a vibration test f{ixture. The assembly was then
subjccted to the random vibrations as specified. Visual ex-
amination of the unit showed no apparcent physical damage occurred.
A copy of the Gencral Environments test report is included as
Appendix B in this report.

5.3.2 Flow Resistance - lydraulic Examination

The operating pressurc drop characteristics of the
Advance Prototype Unit were determined before and after vib-
ration. Mcasurements taken after vibration as illustrated in Fig-
urc 11 show only a slight decrecase in flow resistance. ‘Thercefore,
it was concluded that random vibration had caused no apparent
hydraulic damage inside the Unit.

5.4 Advance Prototype Test No. 2

A seven-day simulated mission test was performed with the
Advance  Prototype Unit. The objectives of the test were to
see i f any chemical or bactericidal degradation occurred as a
result of the random vibrations. The AP Unit processed 100 kyp/
day (220 Ib/day) of anticipated fucl cell water at ambicnt tem-
peratures for seven days as in Test No. 1. Bacterial injections,
Flow rates, and draw-off rates, were similar to those used in
the ftirst test,
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5.4.1 Returbishment of the Advance P'rototype

After completion of Advance Prototype Test No. 1,
the unit was disassenbled :nd the contents were unloaded.  The

c::Mmﬂc. and net ;Hw_r parts were sanitized by soaking in an
iodine solution (1% M ‘ikroklenc DF) {or one hour, and then cleuan-
od by v m:~3r in awwzﬂo Qoﬂcﬁmozﬂ (Alconox), followed by multiple
Lowozwno@ water rinsings, und air drying.

All of the O-rings were aocH:nOL The silver bromide cart-
ridge was ~ow;r7 d with a "fresh"™ batch of AgBr - activated
charcoal mixture and a new biological filter was installed. The
unit was ﬁchvuozspca and steam sterilized at 394°K ﬁmmooev for
onc¢ hour in an autoclave.

5.4.2 Test No. 2 Results § Discussions

Table 5 lists the daily stream and water quality
characteristics of Advance Prototype Test No. 2. The tab-
ulated characteristics indicate that the system performed sat-
isfactorily. The water quality was within all specifications
%~ﬁ»w<cawo:;0moz:m:Pz:wmcnn:oo.omtcsyc<cH

The AP system exhibited no chemical degradation duc to the
random vibration testing. Tabulated chemical analyses of this
test indicate no significant change to that obscerved in Test |
No. 1. - i

—e bae

Table ¢ lis
piated counts o
the 0.08 ppm Ag
infusion of 1

res

ts the daily doses of bacteria injected and the
 all samples collected. The data shows that

+ dose provided bactericidal activity apainst the
00/ml bacteria into the treated water.

f\('rA

The operating pressure drop characteristics of ﬂrc AP Ut
HERRADUHE R ca throe times - namely, 3ﬁc-<~74:.wo:, post - W
ien, and post-APD Test No. 2. To obtain these w;~;r”cawm-

tivs 4 awmmcﬁc, ial mercury E::c;cﬂoa_ deionized water, ::L a
tor were dagain used as in Test 1. Figurce 11 presents the
or ﬂ:cmc tosts, |

ration dJdata was collected on ﬂrc retfurbished

mroe-vil
bl wrN, a baseline for subscequent tests, Pressure

1 1o estab
Grop omeasurcments taken after vibration show only a slight de-
nac:mcwzﬂwozﬁomwma::n
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Table 5 ADVANCE PROTOTYPLE TEST No., 2
WATER QUALITY CHARACTERISTICS
Test \B
Day Sample Ag+ Conc. Truc Threshold No.
No. Water pH (Kohm=-cm) (ppm) Color Odor Taste
1 Simulant 7.6 63 <0.01 10 2 2
Stored 4th lr 7.0 04 0.08 <§ 1.4 1.0
Stored 21st lir 7.6 64 0.08 <5 1.4 1.0
Product 7.6 64 0.08 <5 1.4 1.0
2 Simulunt 7.9 46 <0.01 10 2 2
Stored 4th Hr 7.9 46 0.08 <5 1.4 1.6
Stored 21st Hr 7.9 46 0.08 <5 1.4 1.0
Product 7.9 40 0.08 <§ 1.4 1.6
3 Simulant 8.0 58 <0.01 10 2 2
Stored 4th Hr 8.0 58 0.08 <5 1.4 2
Stored 21st lir 8.0 58 0.08 <S5 1.4 2
Product 8.0 58 0.08 <5 1.4 2
4 Simulant 7.9 48 <0.01 10 2 2
Stored 4th Hr 7.9 48 0.08 <5 2 2 u
Stored 231st llr 7.9 48 0.08 <5 2 2 !
Product 7.9 48 0.08 <5 2 2 ‘
) Simulant 7.8 42 <0.01 10 2 2
Stored 4th lir 7.8 42 0.08 <5 2 2
Stored 21st Hr 7.8 42 0.08 <5 2 2
Product 7.8 42 0.08 <5 2 2 _
6  Simulant 7.7 29 <0.01 10 2 2 |
Stored 4th Hr 7.7 29 0.08 <5 2 2
Stored 21st Hr 7.7 29 0.03 <5 2 2 ,
Product 7.7 29 0.08 <S5 2 2 m
7 Simulant 7.9 34 <0.01 10 2 2
Stored 4th lHr 7.9 34 0.08 <5 2 2 i
Stored 21st lir 7.9 34 0.08 <5 2 2 w
Product 7.9 34 0.08 <5 2 2 “
(continued on next page)
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Following thc scven-day Advuance Prototype Test No. 2, a
third sct of data was collected, This sct of measurcments showed
a large increasc in flow resistance. This large increasc had
not been cvidenced in AP Test No. 1 and was not duc to the vib-
ration in Test No. 2. TFurther and scparate measurements indicated
that the biological filter was the cause of the incrcasc in pres-
sure drop. It appears,that during the scventh test day, the
Bacillus subtilis bacteria population on the biological filter
had multiplicd geometrically, causing an incrcase in flow re-
sistance.
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SECTTON o

SHUTTLE ORBITER DEVELOPMENT TESTS

Efforts on this program were redirvected when it was learned
from Rockwell International thuat the requirements for a Silver
fon Generator (SIG) for the Shuttle Orbiter were extended to
mission staytimes up to 30 days., The S16G shall also process up
to 7950 to::; of unticipated fuel cell water per mission, and
the pressure drop across the S1G shall not exceed 0900 N/sq m
(1.0 psi) at a flow rate of 10.37 kp/hv (22.8 ib/hr). The >g<::no
Prototype Unit has the thceorcetical capuability of silver dosing up
to 134,000 pounds of anticipated fucel cell water, but it will not
z.ﬂ:,ﬂ;:g the particulate Joad of 30 days and yet be able to
satisf{y the requisite of less than 0900 N/sq m (1.0 psi) pressure
anz at a [low rate of 10.37 kg/hr (22.8 1b/hr)

Utilization of high dirt capacity filter (wound-type)
,xﬁﬁwwgmc. oa larger sized arca :wopom_c tl filters than pre-
viously tested, plus modification of the silver bromide cart-
ridge were woﬁzmﬂoa to meet the 30-day design criteria. After
5¢ Hcc:»:x scveral filters, CHEMTRIC performed four accelerated
breadboard tests (1) to determine the pressure drop build-up
ol the four Jilters, cach with a different particle size re-
tention ;z:ﬁmwwﬁ% with 30 days of particulate load, and (2)
to determine the performance and pressure drop across the mod-
ified activated charcoal silver bromide granule contacting bed
as a function of the upstrecam filter's performance.

After performing the preliminary silver bromide bed defini-
tion tests and the accelerated breadboard tests, trade-offs were
performed to select the most effcctive design for the Shuttle
Orbiter SI1G.

0.1 Silver Bromide Cartridge

Alter mnaco:w:x several in-depth and membranc-type f{ilters
by pressure drop me rements, four filters were selecte w for
testing ifications

m~
.._:onOﬂ mwN op ﬁzc oﬁwwﬂcﬁm:ﬂpo:;:o;
to be made within the silver bromide cartridpe.

1: P RO
Gl (00875 dnches) since the core diameter ot the sclected depth-
tviae previlters was u..\ an (1=1/6 inches).  The active lenpth
revained the same, 12,7 cm (5 inches).  The particle size of
both the activated charcoal and silver bromide granules was in-
creased to 4 x 10 and 0 x 12 mesh, roespect _,r;.,. to allow partic-
thated to pass through a packed colunn.,  The Pyrex wool wis
cindnated and was replaced by 30 to 50 mesh sereens which will
albiow particulates to pass through, but retain the activated
chiarcoal and silver bromide pranules

The internal diameter of the cartridge was increascd to
i
i

(-~




Two development tests were performed on contucting beds of
different composition. A bed composed of 3 parts activated char-
coul to 1 part Aghr dosed FCW simulant with 0.040 to 0,045 ppm
silver ion at a [low rate of 10.37 kg/hr (22.8 1b/hr) at ambient
temperature 294-2979K (70-759F). A bed composed of 2 parts acti-
vated chuarcoal to onc part Aglr produced saturation (i.c., 0.080-
0.085 ppm Ag+) under identical test conditions, and was the bed
sclected for accelerated breadbourd testing.

6.2 Accclerated Breadboard Tests

During three accclerated breadboard tests 120.5 kg/day
(265 1bs/day) of anticipated fucl cell water simnulant were pro-
cessed for three days at a rate of 10.36 kg/hr (22.8 1lbs/hr).
Test #4 used different conditions. The pressurc drop across the
prefilter and the silver bromide cartridge were mecasurcd period-
ically, and the silver ion dosc and the turbidity of the cffluent
were determined. The simulant contained the following.

Approximate

Particle Number of Concentration
Size Range Particles per Liter mp/ 1
a. 0-10 « 20,000 0.056
be 10-25 20,000 0.890
¢. 25-50 4,000 1.460
d. 50-100 « 2,000 5.600
¢, 100-250 ¢ 200 8.730

The table above shows that the puarticulate composition 1s
onc order of magnitude grecated than that listed in Paragraph
3.3.4 of Contract NAS 9-13713, so that onc day of accelerated
testing simulated 10 days of nominal testing. A value of 20,000
particles per liter was arhitrarily sclected for the 0-10 micron
size range in accordance with existing data on Pratt & Whitncey
fucl cell water analyses.

6.2.1 Accelerated Breadboard Test No. 1

Prefilter: Serilico P/N CI0AT10S; 10 micron
narticle retention; 6.35 cem (2, inch) OD;  25.4 cm (10 inches)
long; depth type; weight - 240.6g (0.53 1b)

AgBr Cartridge: 2.7 c¢m (Sinches) long; 2.22 om
(0.875 inches) OD; 6 x 12 mesh particies; 2 parts charcoal to
ﬂc:a~>m:wsx<ogcao“mcchﬂﬂmnaoo:m.o:ouogovyzsgo:c
mosom:.
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Prefilter Pressure Drop: Initial - 267 N/sq m
(2 mm lg); Maximum observed - 3257 N/sq m (24.4 mm lig);
Final = 1939 N/sq m (14.5 mm Hg); scc Figure 12

AgBr Cartridge Pressurc Drop: Initial - 1070 N/sq m
(8 mm llg); Maximum observed - 2167 N/sq m (16.2 mm Hg);
Final - 1870 N/sq m (14 mm lig); sce Figure 13

Turbidity: Simulant - 1,1 JTU; Effluent -
0.28 to 0.54 JTU; average - 0.38 JTU :

Silver Ior Dose: 0.075 to 0.085 ppm

6.2.2 Accelerated Breadboard Test No. 2

Prefilter: DPall Trinity Micro Corporation I’/N
MCY 1001 UX; rctention, 100% of incident 0.8 micron particles,
99.9% of incident 0.45 micron particle and 98% of incident 0.25
micron particles; 7.cm (2-3/4 inches) O0D; 24.45 cm (9-5/8 inchcs)
long; 0.74 m? (8 ft2) of membrane area; weight - 269.8g (0.59 1b)

AgBr Cartridge: 12.7 cm (5 inches) long; 2.22 cm
(0.875 inches) OD; 6 x 12 mesh particles; 2 parts charcoal to
1 part AgBr by volume; support screens, one 50 mesh, one 30 mesh,
and one 20 mesh.

Prefilter Pressure Drop: Initial - 793.5 N/sq m
(6 mm Hg); Maximum observed - 1808 N/sq m (13.5 mm Hg);
Final - 1090 N/sq m (8.2 mm Hg); see Figure 14.
AgBr Cartridge Pressdur Drop: Initial -
1359 N/sq m (10.2 mm Hg); Maximum observed - 2650 N/sq m
(19.8 mm Hg); Final - 1560 N/sq m (11.7 mm Hg); see Figure 15

Turbidity: Simulant 1.1 JTU; Effluent - 0.0S5
to 0,20 JTU, average - 0.08 JTU

Silver Ion Dosec: 0.080 to 0.085 ppm

6.2.3 Acceclerated Breadboard Test No. 3

Prefilter: Pall Trinity Micro Corporation P/N
AB1AR8A; retention, 100% of incident 0.2 micron particles; ,
7 ¢cm 52-3/4 inches) OD; 24.45 ¢cm (9-5/8 inches) long; 0.5 m*
(5 ft¢) of membrane areca; weight 349.6g (0.77 1b)

AgBr Cartridge: None utilized

T 1—1
[}j
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Prefilter Pressure Drop: Initial - 531 N/sq m
(4 mm lg); Maximum observed - 2008 N/sq m (15 mm 1g);
Final - 1850 N/sq m (13.7 mm lig); secc Figurc 16

Turbidity: Simulant 1.1 JTU; Effluent 0.04 to
0.08 JTU, average - 0.06 JTU

6.2.4 Accelerated Breadboard Test No. 4

During the forth accelerated breadboard test 132.5
pound per day of anticipate fucl cell water were processed for
three days at a rate of 11.4 pounds per hour. This simulated
the operation of two Advanced Prototype Units as developed under
Contract NAS 9-13718 in parallel. The simulant contained the
same particulate concentration (mg of particles per liter) as
uscd in the three previous accelerated breadboard tests. This

test is summarized as f{ollows:

Prefilter: Pall Trinity Micro Corporation P/N MCY
4463 UR; retention, 100% of incident 0.35 micron particles;
5.4 cm (2-1/8 inch) OD; 13.33 cm (5-1.4 inches) long; 0.2 me
(2 mﬂwu of membranc area; weight - 85.8 g (0.19 1b)

AgBr Cartridge: None utilized
Prefilter Pressure Drop: Initial - 2008 N/sq m

); Maximum observed - 9867 N/sq m (74 mm lg);
mowz\mzsﬁomszzmvwmmomwmcaowq

Final -

(15 mm Hg
8

!
i
I

Turbidity: Simulant 1.1 JTU; Effluent - 0.12 to
0.24 JTU; ‘average - 0.11 JTU

6.2.5 Discussion of Results

The results of Accelerated Test No. 1 show that it
is fecasible to design a Silver lon Generator which will allow
particulates less than 10 microns to pass through the unit.
The data indicates that reducing the length of the depth-type
prefilter to 15.24 ¢m (6 inches) from 25.4 ¢m (10 inches) pro-
duces a SI1G design which would exhibit pressure drops in excess
of 0900 N/sq m (1 psi) at the flow rate of 10.36 kg/hr (22.8 1bs/hry,
It appears that the depth-type prefilter does not provide any
design advantages (i.c., geometry and weight) over the merbranc
type pretfilters, and further testing with other size wound-tynpe
prefilters (5 and 1 micron retention) was not considered
fruittul.

]
i
1
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The results of Accelerated Tests No's 2 and 3 indicate
that the 10-inch long membrane-type prelilters cxhibit less
pressure drop than a 25.4 cm (10-inch) wound-type prefilter,
and produce a higher quality effluent (i.c., remove more tur-
bidity and/or particulates). The turbidity data on Accelerated
Tests No's 1 and 2 shows that the AgBr Cartridge (i.c., activated
charcoul, and AgBr granules) is not a sourcc of purticules;
during Test 1, the turbidity averaged 0.38 JTU, whercas, during
Test 2, the turbidity averaged 0.08 JTU. It -appears that the
6 x 12 mesh particles exhibit adequate attrition rvesistance dur-
ind hydrodynamic conditions.

CHEMTRIC concluded that Pall Trinity Micro Corporation's

P/N ABIARSA is the best prefilter for the SIG. In addition to
low pressurc drops and excellent particulate removal (effluent
turbidity averaged 0.06 JTU), the filtcr media of this element
contains no asbestos. At the present time there are no limits
specified Dy USPH Standards on asbestos in drinking water, but
the FDA specifies that medical fluids (e.g., medicines and
intravenous solutions) contain no asbestos.

6.3 AgBr Cartridge Investigations

CHEMTRIC assembled a cartridge 2.86 cm (1-i/8 inches) in
diamcter x 23.5 cm (9-1/4 inches) in length to suit the core size
of the AB1ARSA {ilter, that contained a contacting bed composcd of
6 x 12 mesh AgBr particles, and 6 x 16 Westvaco Nuchar 503
activated charcoal. The charcoual and AgBr particles were mixed
in a ratio of 1.25 parts charcoal to onc part of AgBr. The
column of AgBr and charcoal particles was supported at cach cnd
by a retaining subasscembly composed of (1) a 20-mesh 316 SS
screen, (2) a 3/16-inch thick pile of Pyrex wool, (3) a 30-mcsh
316 SS screen, and (4) a 20-mesh 316 SS screen. At a flow rate
of 10.36 kg/hr (22.8g 1lb/hr) this AgBr cartridge cxhibited a
pressure drop of 2877 N/sq m (0.417 psi).

At a temperaturce of 298°F (719F) and at a flow rate of 10.36
ke/hr (22.8 1b/hr), the AgBr cartridge dosed anticipated fucl cell
water with 0.08 ppm silver ions. At the minimum temperaturc of
285.89K (559°F), and at flow rated of 1.05 kg/hr (2.3 1b/hr) and
10.30 kg/hr (22.8 1b/hr), the AgBr cartridge dosed anticipated
fuel c¢ell water with 0.035 ppm silver ions, respectively; this
is saturation, the maximum dose attainable at 285.89K (55°9F)

{rom AgBr solubility limits and in accordance with literature
values.

6-11




6.4 Bactericidal IEfficacy Tests

Figure 18 illustrates the test sct-up uscd to verify the
bactericidal efficacy of AgBr .aturated fuel cell water at 285.8°9K
(559F). Anticipated fuel water was chilled to 285.80K (55°F)
and then pumped through the AgBr column at 10.36 kg/hr (22.8 1b/
hr), A 2 liter batch of silver dosed water (0.035 ppm) was
maintained at 285.89K (559F) in a 3-neck flash and a viable
suspension containing 108 cells of Pscudomonas acruginosa and/or
Type I11la was injected into the flask. After mixing (with 4
magnetic stirrer) the resultynt concentration of microorganisms
was approximately 5 + 1 x 104/ml.

Samples were withdrawn aseptically through a septum at the
following times after bacteria injection and subjected to plate
counts.

(a) 15 minutes

(b) 30 minutes

(¢) 1 hour

(d) 2 hours

Table 7 summarizes the bacteriological test results. The
tabulated data shows that a 0.035 ppm silver ion dosec was
bactericidal against § % 1 X 104/ml of Pscudomonas acruginosa
and/or Type IIIa in 15 minutcs or less. The test demonstrated

that a 0.035 ppm silver ion dose is just as effective as a 0.05
ppm silver ion dose; both levels kill the bacteria.

Table 7 BACTERIOLOGICAL ANALYSES with 0.035 ppm Ag+ DOSE

Test 1: Type Illa

Injected
Dose Sample Count
15 min <1/200 ml
108 30 min <1/200 ml
(5+1x104/m1 1 hr <1/200 ml
2 hr L .. <1/200 ml
6-12
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Table 7 (concluded)

Test 20 Pscudomonas acruginosa

Injected

Dosc Sample Count
108 15 min <1/200 ml
ﬁmuprOA\EHv 30 min <1/200 ml
1 hr <1/200 ml
2 hr <1/200 ml

6.5 DPrecliminary SIG Design

On the basis of the accelerated breadboard tests, the other
development work, and trade-offs, CHEMTRIC prepared a preliminary
S1G design.

The two drawings (6124-7402-1§2) illustratc the design of
the Silver lTon Gencrator proposcd for the Shuttle Orbiter. As
shown, the design is a single canister, It consists of a two
picce housing fastened by a V-band clamp, and contains a replace-
able (expendable)element. The replaccable element is a sub-
asscmbly of a filter cartridge and a column that holds the silver
bromide=-activated charcoal contacting bed. The design includes
constraints for vibration by spring loading.

Fuel cell water enters the SI1G via a 0.635 cm (1/4-inch) in-
let port and is distributed by a manifold into the housing. The
water {lows radially through the filtering clement and the par-
ticulates arce excluded. The filtered water lows towards the
basc of the replaccable element, into the inlet manifold for the
AgBr cartridge, and then axially through the silver-bromide,
activated-charcoal bed. The water is dosed with silver ions, in
accordance with the temperaturc and solubility limits of AglBr,
and small quantities of organics are adsorbed by the activated
charcoal. Tinally, the water flows axially out of the AgBr
cartridge, through the 0.95 com (3/8-inch) outlet port, and into
the storage tanks.

The filter cartridge (Pall Trinity Micro Corporation's I'/N
ABIARSA) is 24.45 cm ((-5/8-~inches) long and has an outside dia-
meter of 7 ¢em (2-3/4-inches). It has a pleated membrane filter
arca of 0.5 w2 (5.0 ft2). The filtering clement is rated for
absolute retention of all particles 0.2 microns and larger. The
Ciltering medium contains no ashestos and is a sheet of extrenely
vine inert inorganic fibers, with an inert organic binder melt-
scaled to polypropylene end caps which are in turn melt-scaled
to a perforated polypropylence internal support c¢ore and a por-
torated polypropylene outer jacket. The differential pressure

6-14
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rating is 517,500 N/sq md (75 psid). At the flow ratec of 10.36
Kg/hr (22.8 1b/hr), the pressurce drop across a clecan filtering
clement is approximately 552 N/sq m (0,08 psi). With a 30-day
particulate load and at the flow rate of 10.36 kg/hr (22.8 ib/hr),
the pressure drop across the filtering medium is approximately
2070 N/sq m (0.3 psi).

The silver bromide-activated charceoal contacting column is
contained within a cartridge; the diameter of this column is
2.75 cm (1.08 inches) and the length is 25.08 cm (9-7/8-inches).
The column is composcd of 39 grams (0.086 1b) dry weight of ¢ x
12 mesh AgBr particles, and 49 grams (0.108 1b) dry weight of ©
X 10 mesh Westvaco Nuchar 503 activated charcoal. At the {low
rate of 10.36 kg/hr (22.8 1b/hr), the pressurc drop across this
colunn is approximately 3105 N/sq m (0.45 psi). At the minimum
temperatures of 284.89K (559F) and the maximum tempcrature of
290.89K (75°F), the fuel cell water will be passively doscd with
0.035 - 0.08 ppm silver ion respectively. The 39 grams of AgBr
can theoretically dose up to 312,000 kg (695,0001b) of fuel cell
water.

The metal of construction is 316 stainless stcel. All metol
to-metal joining will be accomplished by heli-arc welding. After
welding, the SIG will be heat treated to a fully stressed-reliev-
cd condition to maximize corrosion resistance, then passivated.

The interface connectors are 0.635 cm (1/4-inch) inlet and
0.95 cm (3/8-inch) outlet nipples. The overall dimcnsions of
the SIG excluding the interface connectors are 30.5 cm (12.0
inches) 1long with an outside diameter over the clamp of 10.16 cm
(4.0-inches). The unit packed (dry) weighs approximately 2.09 ky
(4.61 1b). The replaceable element (dry) weighs approximately
0.96 kg (2.11 1b).
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SINGLE CANISTER

Description

The single canister with no valve consists of the basic
canister with the inlet and outlet lines rigidly attached to
a plain canister cap. This concept represents the simplest
cise possible with the silver ion generator.

Conclusion

There is no corrective action possible if any fuailures
occur. The maximum criticality of any possible failure is
a level 11,




SILVER TON WATER BACTERICIDE SYSTEM FAILURE MODES & EFFECTS ANALYSIS

0 Loncept: Single Canister (No Valves)

Failure Mode Failure Effect
T and Toase on Ferfornance

Failure Effect

on Mission

External ieak Water leaks
- seal or into cabin
m metal failure

High humidity,
possible contam-
ination, § in-
sufficient water

Criti- Detection Action Time
cality Method Recuired Required
11 Visual, hi NONE NA
humidity, POSSIBLE
and/or low WITH THIS
quantity CONCEPT

T]

e e




REPLACEABLE CANISTER

Description

The replaceable canister consists of a filter cartridge and
housing assembled with a special cap. The inlet and outlet lincs
are rigidly attached to this cap. By twisting the canister hous-
ing one is able to move a valve body and by-pass the inlet/out-
let lines while discengaging the canister housing simultancously.
The reverse procedure holds for engagement of a replacement can-
ister,

Conclusion

There is no corrective action possible if there is an
internal lcak in the valve/cap by-pass. The maximum critical-
ity of this faillure would be a level IT1.
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SILVER 10N WATER BACTERICIDE SYSTEM FAILURE MODE § EFFECTS ANALYSIS

Concept:

External leak
in canister

- seal or
metal failure
or improper
assenmbly

Internal leak
in valve -
seal or metal
failure

Failure Effect

on Performance

Replaccable Canister (with Isolation/By-Pass Valve)

Water leaks
into cabin

hWater by-passes
bacteria filter
and the AgBr
and charcoal
column

Failure Effect Criti- Detection  Action Time

on Mission cality Method Required Required
High humidity, 11 Visual, hi Replace Less
possible contam- humidity, canister than 1
ination, § in- and/or low minute
sufficient water quantity

Water contains 11 Low AP § NONE NA |
more solids, low silver POSSIBLE

less silver 1ons, ion conc. WITH THIS

more organics
and possibly
microbes

CONCEPT




PARALLEL CANISTERS WITH INTEGRATED SELECTOR VALVE

Description

This concept consists of two canisters attuached to a
common cap. The cap is a manifold that puts the two can-
isters in parallel hydrauically to cach other through a
common sclector valve. The canister inlet and outlet lines
are controlled simultaneously by a common body in the selec-
tor valve. The valve permits selection of an altcrnate can-
ister while isolating a single point failure in the prime
canister.

Conclusion

There is no corrective action possible ii the sclector
valve experiences an internal leak. The maximun criticality
of this f{ailure would be a level II.

A-6
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SILVER TON WATER BACTERICIDE SYSTEM FAILURE MODES § EFFECTS ANALYSIS

Concept:

Failure Mode

and Cause

External leak
in canister

- seal or
metal failure

Internal leak
in canister -
seal or metal
failure

Internal leak
'n Valves -
22al or metal
1allure

Failure Effect

Failure Effect

on Yerformance

on Mission

Water leaks
into cabin

Part of the
water by-passes
bacteria filter
and the AgBr
and charcoal
column

High humidity,
possible contam-
ination, § 1in-
sufficient water

Water contains
more solids,

less silver ions,

more organics
and possibly
microbes

Two Parallel Canisters With Integrated Selector Valves

Criti- Detection Action Time
cality Method Required Required
11 Visual, hi Select Less
humidity, other than 1
and/or low canister minute
quantity
11 lowAP § Select Less
low silver other than 1
ion conc. canister minute
NONE NA
POSSIBLE
WITH THIS
CONCEPT
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PARALLEL CANISTERS WITH INTEGRATED SELECTOR & CHECK VALVES

Description

This concept consists of two canisters attached to a
common cap. The cap is a manifold that puts the two canis-
ters in parallel hydrauically to each other through a com-
mon selector valve and two check valves. The canister inlets
are routed to the selector valve while each outlet is routed
to its own check valve and then teed to a common outlet. The
sclector valve permits selection of an alternate canister
while isolating a single point failure in the prime canister.
The check valves prevent backflow from an operative canister
to an 1lnoperative one.

Conclusion

This concept is an acceptable design since there are no
uncorrcctable single point failure modes. The highest level
of criticality for a correctable single point failure in this
concept is & ievel II.
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SILVER 10N WATER BACTERICIDE SYSTEM FAILURE MODES § EFFECTS ANALYSIS

Concep te

External leak
In canister

- seal or
metal failure

Internal leak
in canister -
scal or rneotal
failure

Internal leak
in selector
valve - seal
or netal
fallure

Flugginyg -
filters or
column

Channeling -
particles
shift

Failure Effect

Failure Effect

on Perfornance

on Mission

Water leaks
into cabin

Part of the
water by-passes
bacteria filter
and the AgBr
and charcoal
column

None - water
flows through
both canisters

No water flow

Water by-passes
AgBr particles
and charcoal

High humidity,
possible contam-
ination, § in-
sufficient water

Water contains
more solids,

less silver ions,
more organics

and possibly
microbes

None

Dehydration of
crew, and
no coolant

Water contains
less Ag+, more
organics and
possibly microbes

Two Parullel Canisters With Integral Selector § Check Valves

Criti- Detection Action Time
cality Method Required Required
11 Visual, hi Select Less
humidity, other than 1
and/or low canister minute
quantity
111 Low AP § Select Less
low silver other than 1
ion conc. canister minute
None Low AP None None
11 HighAP Select Less
and low other than 1
quantity canister minute
I11 LowAP § Select Less
low silver other than 1
ion conc. canister minute
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SERIES CONNECTED CANISTERS WITH ISOLATION/BY-PASS VALVES

Description

This concept consists of two canistcrs independent of
ecach other but plumbed in series. Lach canister is basi-
cally a replaccable type with a special cap cnabling rapid
removal of the basic canister housing frum the inlet and
outlet lines simultancously. By disengaging the canister
from the lines, a by-pass is engaged and vice-versa for re-
placement. If one canister experiences a single point fail-
ure it can be isolated with the by-pass while still permit-
ting full usage of the alternate.

Conclusion

This concept is an acceptable design since therc are
no uncorrectable single point failure modes. The highest
level of criticulity for a correctable single point failure
in this concept is a level II.

A-10
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Concept:

Failure Mode

SILVER 10N WATER BACTERICIDE SYSTEM FAILURE MODES § EFFECTS ANALYSIS

Failure Effect

Failure Effect

and Cause

External leak
in canister

- seal or
metal failure
or 1mproper
assembly

Internal leak
in canister -
seal or metal
failure

Internal leak
in 1st head-
seal or metal
fairlure

Plugging-
filters or
column

Channeling-
particles
shift

on Performance

on Mission

Water leaks
into cabin

Part of the
water by-passes
bacteria filter
and the AgBr
and charcoal
column

No water flow

Water by-passes
AgBr particles
& charcoal

High humidity,
possible contam-
ination, § in-
sufficient water

Water contains
more solids,

less silver ions,

more organics
and possibly
microbes

Dehydration
of crew, and
no coolant

Water contains
less Ag*, more
organics and
possibly
microbes

Two Series-Connected Canisters with Isolation/By-Pass Valves

Criti- Detection Action
cality Method Required
11 Visual, ni By-pass

humidity, 1st and
and/or low wuse 2nd
quantity canister

I11 Low AP § By-pass
low silver 1st and

ion conc. use 2nd
: canister
By-pass

ist and

use 2nd
canister

11 High AP By-pass
and low Ist and
quantity use 2nd
canister

111 Low AP § By-pass
low silver 1st and

ion conc. use 2nd

canister

Time

Reauired

Less
than 1
minute

Less
than 1
minute

Less
than 1
minute

Less
than 1
minute

Less
than 1
minute
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PARALLEL CANISTERS WITH EXTERNAL SELECTOR VALVE

Description

This concept consists of two canisters independent of
cach other but with their inlets plumbed in parallel to a
common selector valve. The valve permits selection of an
alternate canister after a single point failure in the prime
canister. The canister outlets are each plumbed to their
own check valves and then teed together. The check valves
prevent back{low from an operative canister into an in-
operative one.

Conclusion

This concept is an acceptable design since there are
no uncorrectable single point failure modes. The highest
level of criticality for a correctable single point failure
in this concept is a level II.
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SILVER 10N WATER BACTERICIDE SYSTEM FAILURE MODES § EFFECTS ANALYSIS

Concept:

Two Parallel Canisters With External Selector § Check Valves

possibly microbes

Failure Mode Failure Effect Failure Effect Criti- Detection  Action
and Cause on Pertormance on Mission cality Method Required
External leak Water leaks High humidity, 11 Visual, hi Select
in canister into cabin possible contam- humidity, other
- seal or ination, § in- and/or low canister
netal failure sufficient water quantity
Internal leak Part of the Water contains III LowAP and Select
in canister - water by-passes more solids, low silver other
seal or metal bacteria filter less silver ions, ion conc. canister
failure and the AgBr more organics

and charcoal and possibly

column microbes
Internal leak None - water None None Low AP None
in selector flows through
valve - seal both canisters
or metal
tailure
Plugging - No water flow Dehydration of 11 HighAP Select
tfiiters or crew, and and low other
colunmn no coolant quantity canister
Channeling - Water by-passes Water contailis 111 Low AP and Select
particles AgBr particles less Ag+, more low silver other
shift and charcoal organics and ion conc. canister

Tire
Required

Less
than 1
minute

Less
than 1
minute

None

Less
than 1
minute

Less
than 1
minute

11
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APPENDIX B

RANDOM VIBRATION TEST REPORT

By

GENERAL ENVIRONMENTS CORPORATION

B-1
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REPORT NO, _ 1467-11
DATE April 15, 1974

REPORT

* ONE (1) CANISTER
ASSEMBLY

FOR

CHEMTRIC, INC.

GENERAL ENVIRONMENTS CORPORATION
7845 Nagle Avenue, Morton Grove, Illinois 60053
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PURPOSE OF TEST:

MANUFACTURER:

Chemtric, Inc.,
Under Contract NAS 9-13718
MANUFACTURER’'S TYPE OR MODEL NO.:

One: 1) Canister Assembly

ORAWING, SPECIFICATION OR EXHIBIT:
P.O. 02430

QUANTITY OF ITEMS TESTED:

One (1)
SECURITY CLASSIFICATION OF ITEMS:

Unclassified

DATE TEST COMPLETED:
April 12, 1974

TEST CONDUCTED BY: General Environments Corporation

DISPOSITION OF SPECIMENS:
Returred to Chemtric, Inc.

ABSTRACT:

None

REPORT NO. 1467-11

PAGE | OF 3

DATE ___April 15, 1974

To determine the ability of the test sample to
withstand the applied Random Vibration specified.

PORM NO. 109




DESCRIPTION OF TEST:

DATE April 15, 1974

RANDOM VIBRATION TEST

Requireme nts:

The test sample shall satisfactorily withstand the applied
vibration without exhibiting evidence of physical damage.

Test Procedure:

The test sample was secured to a fixture furnished by
Chemtric, which, inturn was rigidly attached to the moving

element of the vibration machine.

The sample was then subjected to 2. 5 minules of ran-
dom vibration in each of three (3) mutually perpendiculdr axes.

The bandwidth was limited to between 20 and 2000 Hz.

spectral density as follows:

Frequency Range (Hz.)

20 to 80

80 to 180
180 to 200
200 to 400
400 to 450
450 to 2000

Overall G rms = 11,1

Description of Test Apparatus:

Vibration Machine, MB, Model 3600, S/N 10}
Control Console, MB, Model T288,

with the

Test Spectrum

+ 3dB/Qct

0.06 gZ/cpe
+12 dB/oct
0.1 g"/cps
-12 dB/oct
0.06 g“/cps

latest calibration date-

Feb. 11, 1974, frequency of calibration 6 months.
Vibration Pick-Up, Endevco, Model 2213, S/N DA64,
latest calibration date - Nov. 6, 1973, frequency of

calibration 6 months.

REPORT NO. _1467-11

PAGE 2 OF_3

FORN NO, 108




e L e it atiie o

DATE __ _ April 15, 1974

DESCRIPTION OF TEST:

RANDOM VIBRATION TEST (Cont'd)

Test Resirlts:

Visual examination of the test specimen, limited to
external surfaces, revealed no apparent evidence of physical

damage.

The specimen was then returned to Chemtric, Inc.
for further examination and final determination of results.

REPORT NO. 1467-11 . E» l
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